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INTRODUCTION, 





In the year 1884 I was invited to give tuition by corre- 
spondence, in Biology. Although disposed at the time to 
ridicule the idea of imparting instruction in natural science 
by letter, I gladly accepted the opportunity thus afforded 
me of ascertaining for myself what could and could not be 
accomphshed in that direction. Anyone familiar with the 
scope of biological enquiry, and the methods of biological 
instruction, will not need to be reminded that it is only by 
the most rigorous employment of precise directions for 
observation, that any good results are to be looked for at the 
hand of the elementary student. Truc to this principle, I 
determined to issue to my correspondence pupils rigid 
instructions, and to demand in return faithful annotated 
drawines of facts observed in their usage. In the case of 
two among the few students who passed through my hands, 
the result far exceeded my most sanguine anticipations. The 
notes sent in by one of them—a man working at a distance, 
alone and unaided 
student placed under the most favourable surroundings; and 
their promise for the future has been fulfilled to the utmost, 
the individual in question being now a recognised investi- 
gator. It thus became clear that, notwithstanding the 
complex conditions of work in the biological field, tuition by 
correspondence would suffice to awaken the latent abilities 
of a naturally qualified enquirer. The average members of a 





far excclled those wrung from many a 
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University Correspondence Class will be found neither better 
nor worse than those of any other, and they may therefore 
pass unnoticed; if, however, the correspondence system of 
tuition may furnish the means of arousing a latent aptitude, 
when the possibilities of other methods of approach are ex- 
cluded—and, in so doing, of elevating the individual to that 
position for which he was by nature qualified, ensuring him the 
introduction to the one sphere of labour for which he was born 
—it will have created its own defence, and have merited the 
confidence of all nght-thinking people. The plucking of 
one such brand from the burning is ample compensation for 
the energy expended on any number of average dullards, 
who but require to be left alone to find their natural level. 
Mr. Wells’ little book 1s avowedly written for examination 
purposes, and in conformity with the requirements of the now 
familiar ‘‘type system”’ of teaching. Recent attempts have been 
made to depreciate this. While affording a discipline indetailed 
observation and manipulation second to that of no other branch 
of learning, it provides for that ‘‘deduction” and ‘‘ verification” 
by which all science has been built up; and this appears 
to me ample justification for its retention, as the most 
rational system which can be to-day adopted. Evidence that 
its alleged shortcomings are due rather to defective handling 
than to any inherent weakness of its own, would not be 
difficult to produce. Although mgid in its discipline, it 
admits of commentatorial treatment, which, while heightening 
the interest of the student, is calculated to stimulate alike 
his ambition and his imagination. ‘hut the sister sciences 
of Botany and Zoology fall under one discipline, 1s expressed 
inthe English usage of the term ‘ Biology.”’ Experience 
has shown that the best work in either department has been 
produced by those who have acquired an all-round knowledge 
of at least the elementary stages of both ; and,that the advanced 
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morphologist and physiologist are alike the better for a 
familiarity with the principles—not to say with the progressive 
advancement—of each other’s domain, is to-day undeniable. 
These, and other allied considerations, render it advisable 
that the elementary facts of morphology and physiology 
should be presented to the beginner side by side—a principle 
too frequently neglected in books which, lke this one, are 
specially written for the biological neophyte. Although the 
student is the wiscr for the actual observation of the facts of 
nature, he becomes the better only when able to apply them, 
as, for example, by the judicious construction of elementary 
generalizations, such as are introduced into the pages of this 





work. So long as these generalizations, regarded as first 
attempts to deduce ‘‘laws” in the form of ‘ generalized 
statements of facts based upon observation,’ are properly 
introduced into an elementary text-book, mtended for the 
isolated worker cut off from the lecture room, their intercala- 
tion is both healthy and desirable. 

Mr. Wells has kept these precepts constantly in mind in 
the preparation of his work, and in the formulation of his 
plans for its future extension, thereby enhancing the value 
of the book itself, and, at the same time, discouraging the 
system of pure cram, which is alien to the discipline of 
biological science. 


G: By HOW. Es: 


RoyvaL COLLEGE OF SCIENCE, 
SouTH KENSINGTON; 


November 30, 1892. 
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No method of studying—more especially when the objects 
of study are tangible things—can rival that prosecuted under 
the direction and in the constant presence of a teacher who 
has also a living and vivid knowledge of the matter which 
he handles with the student. In the ideal world there is a 
plentiful supply of such teachers, and casy access to their 
teaching, but in this real world only a favoured few enjoy 
these advantages. Through causes that cannot be discussed 





here, a vast number of solitary workers are scattered through 
the country, to whom sustained help in this form 1s impossible, 
or possible only in days stolen from a needed vacation ; and to 
such students especially docs this book appeal, as well as to 
those more fortunate learners who are within reach of 
orderly instruction, but anxious to save their teachers’ 
patience and their own time by some preliminary work. 

One of the most manifest disadvantages of book-work, 
under the conditions of the solitary worker, 1s the rigidity 
of its expressions; if the exact meaning is doubtful, he 
cannot ask a question. This has been kept in view through- 
out; the writer has, above all, sought to be exphcit—has, 
saving oversights, uscd no uncommon or technical term 
without a definition or a clear indication of its meatung. 

In this study of Biology, the perception and memory of 
form is a very important factor indeed. Every student should 
draw sketches of his dissections, and accustom himself to 
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copying book diagrams, in order to train his eye to the per- 
ception of details he might otherwise disregard. The drawing 
required is within the reach of all; but for those who are 
very inexperienced, tracing figures is a useful prelimmary 
exercise. 

By the time the student has read the ‘ Circulation of the 
Rabbit” (§§ 34 to 49), he will be ready to begin dissection. 
It is possible to hunt to death even such a sound educational 
maxim as the ‘‘ thing before the name,’ and we are persuaded, 
by a considerable experience, that dissection before some 
such preparatory reading is altogether a mistake. At the 
end of the book is a syllabus (with suggestions) for practical 
work, originally drawn up by the writer for his own private 
use with the evening classes of the University Tutorial 
College—classes of students working mainly in their spare 
time for the London examination, and at an enormous dis- 
advantage, as regards the number of hours available, in com- 
parison with the leisurely students of a University laboratory. 
This syHabus may, perhaps, by itself, serve a useful purpose 
in some cases, but in this essential part of the study the 
presence of some experienced overlooker to advise, warn, and 
correct, 1s at first almost indispensable. 

A few words may, perhaps, be said with respect to the 
design of this volume. It 1s manifestly modelled upon the 
syllabus of the Intermediate Examination in Science of 
London University. That syllabus, as at present constituted, 
appears to me to ufford considerable scope for fairly efficient 
biological study. The four types dealt with in this book are 
extremely convenient for developing the methods of com- 
parative anatomy and morphological embryology. Without 
any extensive reference to related organisms, these four forms, 
and especially the three vertebrata, may be made to explain 
und illustrate one another in a way that cannot fail to be 


PREPACK. 1X 


educational in the truest sense. After dealing with the 
rabbit, therefore, as an organic mechanism, our sections upon 
the frog and dog-fish, and upon development, are simply 
statements of differences, and a commentary, as 1t were, upon 
the anatomy of the mammalian type. In the concluding 
chapter, a few suggestions of the most elementary ideas of 
the process of organic modification are given. In this way 
it is hoped to make this first part of our biological course 
complete im itsclf, and of some real and permanent value to 
the student. And the writer is convinced that not only isa 
constant insistence upon resemblances and differences, and 
their mport, intellectually the most valuable, but also the 
most intcresting, and therefore the casiest, way of studying 
animal anatomy. That chaotic and breathless cramming of 
terms misunderstood, tabulated statements, formulated ‘ tips,” 
and lists of names, in which so many students, in spite of 
advice, waste their youth, is, I smecerely hope, as impossible 
with this book as it is uscless for the purposes of a London can- 
didate. On the other hand, our chief endeavour has been to 
rendcr the mattcr of the book clear, connected, progressive, 
and easily assimilable. In the second part, Plants, Unicellu- 
lar Organisms, and Invertebrata will be dealt with, m a 
widcr and less detailed view of the entire biological province. 

This book will speedily, under the scrutiny of the critical 
reader, reveal abundant weaknesses. For these the author 
claims the full credit. Jor whatever merit it may possess, 
he must, however, acknowledge his profound indebtedness 
to his former teacher, Professor Howes. Not only has the 
writer enjoyed in the past the privilege of Professor Howes’ 
instruction and example, but he has, during the preparation 
of this work, received the readiest help, advice, and cncourage- 
ment from him—assistance as generous as it was unmerited, 
and as unaffected as it was valuable. 
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The publication of a second and revised edition of this Part 
affords the author an opportunity of expressing his sense of 
the general kindliness of his reviewers, and of the help they 
have given him in improving this maiden effort. To no one 
is there vouchsafed such a facility in the discovery of errors 
in a book as to its author, so soon as it has passed beyond his 
power of correction. Hence the general tone of encourage- 
ment (and in some cases the decided approval) of the members 
of this anonymous tribunal was a very pleasant and unex- 
pected termination to a period of considerable remorse and 
apprehension. 

I have been able through their counsel, and the experience 
I have had while using this book in teaching, to correct several 
printers’ errors and to alter various ambiguous or misleading 
expressions, as well as to bring the book up to date again in 
one or two particulars. 

My thanks are particularly due to my friend Miss Robbins, 
who has very kindly redrawn the occasionally rather blottesque 
figures of the first edition. Not only have these plates gained 
immensely in grace and accuracy, but the Iecttering is now 
distinct—an improvement that any student who has had to 
hunt my reference letters in the first edition will at once 
appreciate. 


H. G. WELLS. 


December, 1893. 
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I. External Form and General Considerations. 


§ 1. It is unnecessary to enter upon a description of the 
appearance of this familiar type, but it is not perhaps super- 
fluous, as we proceed to consider its anatomy, to call attention 
to one or two points in its external, or externally apparent, 
structure. Most of our readers will already know that it 
belongs to that one of the two primary animal divisions which 
is called the vertebrata, and that the distinctive feature which 
places it in this division is the possession of a spinal column 
or backbone, really a series of small ring-like bones, the ver- 
tebrae (Fig. 1 v.b.) strung together, as 1¢ were, on the main 
nerve axis, the spinal cord (Fig. 1 s.¢.). This spimal column 
can be felt along the neck and back to the tail. This tail is 
small, tilted up, and conspicuously white beneath, and it 
serves as a ‘‘recognition mark’ to guide the young when, 
during feeding, an alarm is given and a bolt is made for the 
burrows. In those more primitive (older and simpler- 
fashioned) vertebrata, the fishes, the tail is much larger and 
far more important, as compared with the rest of the body, 
than it is in most of the air-inhabiting vertebrates. In the 
former it is invariably a great muscular mass to propel the 
body forward; in the latter 1t may disappear, as in the frog, 
be simply a feather-bearmg stump, as in the pigeon, a fly 
flicker, as in the cow or horse, a fur cape im the squirrel, 
or be otherwise reduced and modified to meet special 
requirements. 


§ 2. At the fore end, or, as English zoologists prefer to say, 
anterior end, of the vertebral column of the rabbit, is of 
course the skull, contaming the anterior portion of the 
nerve axis, the brain (Fig. 1 6r.). Between the head and 
what is called ‘‘ the body,’ in the more restricted sense of 
the word, is the neck. The neck gives freedom of move- 
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ment to the head, enables the animal to look this way and 
that, to turn its ears about to determine the direction of a 
sound, and to perform endless motions In connexion with 
biting and so forth easily. We may note that in types which 
swim through the water, the neck does not appear—in the 
fish and frog, for instance—and the head simply widens out 
as one passes back to the body. The high resistance offered 
by water necessitates this tendency to a cigar or ship outline, 
just as it has determined the cigar shape of the ordinary fish 
torpedo. 


§ 3. In the body of the rabbit, as examined from the out- 
side, we can make out by feeling two distinct regions, just as 
we might in the body of a man; anteriorly a bony cage, 
having the 7v7bs at the sides, a rod-like bone in front, the 
sternum (ig. 1 stm.),and the backbone behind, and called the 
chest or thorax ; anc posteriorily a part called the abdomen, 
which has no bony protection over its belly, or ventral surface. 
These parts together with the neck constitute the trunk. 
As a consequence of these things, in the backbone of the 
rabbit there are four regions: the neck, or cervical part, con- 
sisting of seven vertebrae, the thoracre part of twelve joined 
to ribs, the abdominal (also called the dwmbar) region of seven 
without ribs, and the tail or caudal of about fifteen. Between 
the lumbar and caudal come four vertebrae, the sacral, which 
tend to run together into a bony mass as the animal grows 
old, and which form a firm attachment for the base of the 
hind limb. 


§ 4. The thorax and abdomen are separated by a partition, 
the diaphragm (Tig. 1 da.). This structure 1s distinctive 
of that class of the vertebrata called mammals, and which 
includes man, most of the larger and commoner land animals, 
and the whales and manatee. We shall find later that it is 
essentially connected with the perfection of air breathing to 
which this group has attained. Another characteristic shared 
by all mammals, and by no other creatures, is the presence of 
hair. In birds we have an equally characteristic cover in 
the feathers, the frog is naked, and among the fishes we find 
either naked skins or scales. 
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§ 5. The short strong fore limbs are adapted to the burrow- 
ing habit, and have five digits; the hind limbs are very much 
longer and muscular, enable the animal to progress rapidly 
by short leaps, and they have four toes. If the student 
thinks it worth while to attempt to remember the number of 
digits—it is the fault of examiners if any value does attach 
to such intrinsically valueless facts—he should associate the 
number 54 (5 in front, 4 behind) with the rabbit, and observe 
that with the frog the reverse is the case. 


§ 6. We may note here the meaning of certain terms we 
shall be constantly employing. The head end of the rabbit 
is anterior, the tail end posterior, the backbone side of the 
body—the upper s1 and beily 
side, the lower side of the animal, 1s ventral. If we imagine 
the rabbit sawn asunder, as it were, by a plane passing 
through the head and tail, that would be the median plane, 
and parts on either side of it are dateral, and left or right 
according as they he to the animal's lett or mght. In a 
limb, or in the internal organs, the part nearest the central 
organ, or axis, 1s proximal, the more remote or terminal parts 
are distal. For instance, the mouth 1s anteriorly placed, the 
tongue on its ventral wall ; the tongue 1s median, the eyes 
are lateral, and the fingers are ‘Geral to the elbow. The 
student must accustom himself to these words, and avoid, 
in his descriptions, the use of such terms as ‘‘ above,” 
‘“ below,” ‘ outside,’ which vary with the position in which 
we conceive the animal placed. 





7. So much for the general form; we may next note a 
few facts of general knowledge, in connection with the 
rabbit’s life-activity. Ina day of the rabbit’s life a con- 
siderable amount of work is done—the animal runs hither 
and thither, for instance; in other words, a certain mass of 
matter is moved through space, and for that we know force 
must be exerted. Whence comes the force ? 


§ 8. We find the rabbit occupies a considerable amount of 
its time in taking in vegetable matter, consisting chiefly of 
more or less complex combustible and unstable organic 
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compounds. It is a pure vegetarian, and a remarkably 
moderate drinker. Some, but only a small proportion, of 
the vegctable matter it eats, leaves its body comparatively 
unchanged, in little pellets, the faeces, in the process of 
defaecation. For the rest we have to account. 


§ 9. We find, also, that the rabbit breathes air into its 
lungs, which is returned to the atmosphere with a lessened 
amount of oxygen, and the addition of a perceptible amount 
of carbon dioxide. The rabbit also throws off, or excretes, 
a fluid, the wrine, which consists of water with a certain 
partially oxydised substance contaming nitrogen, and called 
urea, and other less important salts. The or vans within the 
body, by which the urine 1s separated, are called the kidneys. 


§ 10. Repeating thse facts in other words, the rabbit takes 
into its body com; ex and unstable organic compounds con- 
taining nitrogen, carbon, hydrogen, a certain amount of 
oxygen, a small quantity of sulphur, and still smaller amounts 
of other elements. It also breathes in oxygen 


S11. It returns a certain rejected part ot its food com- 
paratively unchanged. Besides this, it returns carbon 
dioxide and water, which are completcly oxydised, and very 
sunple and stable bodies, and urea—a less completely oxydised 
compound, but a very simple one compared with the food 
constituents. 





§ 12. Now, the chemist tells us that when a stable body 
is formed, or when an unstable compound decomposes into 
simpler stable ones, force is evolved. The oxydation of 
carbon, for instance, in the fireplace, is the formation of 
the stable compound called carbon dioxide, and hght and 
heat are evolved. The explosion of dynamite, again, is the 
decomposition of an unstable compound. Hence, we begin 
to perceive that the foree—the vital force—which keeps the 
rabbit moving, is supplied by the decomposition and partial 
oxydation of compounds contained in its food, to carbon 
dioxide, water, urea, and smaller quantities of other 
substances, 
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§ 13. This is the roughest statement of the case possible, 
but it will give the general idea underlying our next chapters. 
We shall consider how the food enters the body and is taken 
up into the system, how it is conveyed to the muscles in the 
lmbs, to the nerve centres, and to wherever work 1s done, to 
be there decomposed and partially oxydised, and finally how 
the products of its activity—the /atastases, of which the three 
principal are carbon dioxide, water, and urea—are removed 


from the body. 





§ 14. There are one or two comparatively modcrn terms 
that we may note here. This decomposition of unstable 
chemical compounds, releasing energy, 1s called kataboly. 
A. reverse process, which has a less conspicuous part in our 
first view of the animal’s life action, by which unstable com- 
pounds are built up and energy stored, 1s called anaboly. 
The katastases are the products of kataboly. 


§ 15. In an ordinary animal, locomotion and other activity 
predominate over nutritive processes, which fact we may ex- 
press, in the terms just given, by saying that sataboly prevails 
over anaboly. An animal, as we have just explained, is an ap- 
paratus for the decomposition and partial oxydation of certain 
compounds, and these are obtained cither directly or indirectly 
—through other animals, in the case of meat-eaters—from the 
vegetable kingdom. As the student will learn early in his 
botanical reading, the typical plant has, in its green colouring 
matter, chlorophyll, a trap to catch the radi: ating cnergy of 
the sun, and to accomplish, by the absorption of that cncerey, 
the synthesis (building up) of those organic compounds which 
the animal destroys. The typical nla int is, on the whole, 
passive and synthetic, or anabolic ; the typical animal, active 
and katabolic; and the excess of kataboiy over anaboly in 
the animal is compensated for by the anabolic work stored 
up, as it were, by the plant, which 1s, directly or indircctly, 
the animal’s food, 


TL.-—Zhe Alimentary Canas of the Rabbit. 


§ 16. Figure 1 represents the general anatomy of the 
rabbit, but is especially intended to show the alimentary 
(= food) eanal, shortened to a certain extent, and with the 
proportions altered, m order to avoid any confusing compli- 
eations. It is evidently simply a eoiled tube—coiled for the 
sake of packing—with oecasional dilatations, and with one 
side-shunt, the eaecum (c@.), itto whieh the food enters, and 
is returned to the main line, aiter probably absorbent action, 
imperfeetly understood at present. A spiral fold in this cu- 
de-sac, Which is marked externally by constrictions, has a 
direetive influence on the ecireulation of its contents. The 
student should sketch Figure 1 once or twiee, and make him- 
self familar with the order and names of the parts before 
proceeding. We have, in suecession, the mouth (JL.), sepa- 
rated from the nasal passage (Va.) above by the palate; the 
pharynx (ph.), where the mght and left nasal passages 
open by the posterior nares into the mouth; the oesophagus 
(ws.); the bag-like stomach, its leit (§ 6) end being called 
the cardiae (ed. st.), and its nght the pylorte end (py.); the 
U-shaped duodenum (ddnm.), and the very long and greatly 
eouled zlewm (2l.). The duodenum and tlewn together form the 
small intestine s and the ileum is dilated at its distal end into 
a thick-walled saceulus rotundus (s.r.), beyond whieh point 
eomes the large ttestine. The colon (co.) and rectum (r.) 
continue the main hne of the alimentary canal; but, at the 
beginning of the large intestine, there is also inserted a great 
side-shunt, the caecum (e@.), ending blindly in a fleshy verme- 
form appendix (v. ap.). The figure will indieate how the 
parts are relatcd better than any verbal description can. 
Between the eoiling alimentary tube and the body walls is a 
space, Into which the student cuts when he begins disseeting ; 
this 1s the peritoneal cavity (pt.). A thin, transparent mem- 
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brane, the mesentery, holds the intcstines in place, and 
binds them to the dorsal wall of this peritoneal space. 


$17. The food stuffs of an animal, the unstable compounds 
destined ultimately to be worked into its lite, antl to leave it 
again in the form of fafastuses (§ 138), fall into two main 
divisions. ‘The first of these includes the non-nitrogenous 
food stuits, contaiung cither carbon, together with hy irogen 
and oxygen in the pr roportion of 1,0 (the carbo-hydr ates), or 
carbon and hydrogen without oxygen (the /ydrocarbons). 
The second civision consists of the nitrogenous muterials, 
containing also carbon, hydrogen, a certain amount of oxygen 
sulphur, and possibly other clements. Among the carbdo- 
hydrates, the commonest are starch and cellulose, which 
are insoluble bodies, and sugar, whichis soluble. The hydro- 
carbons, fats, oils, and so on, form a comparatively small 
proportion of the rabbit’s diet; the proverb of ‘oil and 
water’? will remind the student that these are insoluble. 
The nitrogenous bodies have their type in the albumen of 
an eee; and muscle substance and the less modified living 
‘protoplasm ”’ of plants, a considerable proportion of the 
substance of seeds, bulbs, and so on, are albuminous bodies, 
or proteids. These alsoare insoluble bodies, or, when soluble, 
will not diffuse casily through animal membranes. 


18. Now, the essential problem which the digestive canal 
of the rabbit solves is to get these insoluble, or guas?-insoluble, 
bodies into its blood and system. They have to pass somehow 
into the circulation through the walls of the alimentary canal. 
In order that a compound should diffuse through a membrane, 
it must be both soluble and diffusible, and therefore an essen- 
tial preliminary to the absorption of nutritive matter is its’ 
conversion into a diffusible soluble form. This is cffeeted by 
certain fluids, formed cither by the walls of the alimentary 
canal or by certain organs called glands, which open by 
ducts into it; all these fluids contain small quantities of 
organic compounds of the class called ferments, and these are 
the active agents in the change. The soluble form of the 
carbohydrates is sugar; pr otoids can be changed into the, of 
course, chemically “equivalent but soluble and diffusible 
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peptones; and fats and oils undergo a more complicated, 
but finally similar, change. 


§ 19. We shall discuss the structure and action of glands 
a little more fully in a subsequent chapter. Here we will 
simply say that they are organs forming each its characteristic 
fluid or secretion, and sending it by a conduit, the duct, 
to the point where its presence is required. ‘The saliva in 
our mouths, tears, and perspiration, are examples of the 
scerctions of glands. 


§ 20. In the mouth of the rabbit the food is acted upon by 
the tecth and saliva. The saliva contains ptyalin, a ferment 
converting starch into sugar, and 1t also serves to moisten the 
food as 1t 1s ground up by the cheek teeth. it does not act 
on fat to any appreciable extent. The teeth of the rabbit are 
shownin Fig. XVIII., Sh.1V. The enersor teeth in front, two 
pairs above and one pair below (7.), are simply employed in 
erasping the food; the cheek teeth—the premolars (pm.) and 
molars (m.) behind—triturate the food by a complicated 
motion over each other. Their crowns are flat for this 
purpose, with harder ridges running across them. 





§ 21. This grinding up of the food in the mouth invariably 
occurs in herbivorous animals, where there is a considerable 
amount of starch and comparatively httle hydrocarbon in the 
food. By finely dividing the food, it ensures its intimate 
contact with the digestive ferment, ptyalin. In such meat- 
eaters as the cat and dog, where little starchy matter and 
much fat is taken, the saliva 1s, of course, of less importance, 
and this mastication does not occur. The cheek teeth of a dog 
(page 37), and more so of a cat, are sharp, and used for gnaw- 
ing off fragments of food, which are swallowed at once. 
Between the incisors and premolars of a dog come the charac- 
teristic biting teeth, or canines, absent in the rabbit. 


§ 22. The student will probably ask why the cheek teeth, 
which are all similar in appearance, are divided into premolars 
and molars. The rabbit has a set of milk molars—a mulk 
dentition— which is followed by the permanent teeth, just 
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asininaan. Those cheek teeth of the second set, which have 
predecessors in the first series, are called premolars; the ones 
posterior to these are the molars. 


§ 23. After mastication, the food 1s worked by the tongue 
and cheeks into a saliva-soaked ‘‘ bolus”? and swallowed. ‘The 
passage clown the oesophagus is called deglutition. In the 
stomach it comes under the influence of the gastric juice, 
formed in little glandular pits in the stomach wall—the gastric 
(Fig. VITI., Sh. LIT.) and pyloric glands. This fluid is distinctly 
acid, its acidity being due to about one-tenth per cent. of 
hydrochloric acid, and it therefore stops any further action 
of the ptyalin, which can act only on neutral or shghtly alka- 
line fluids. The gastric juice does not act on carbo-hydrates 
or hydrocarbons to any very noticeable degree. ts essential 
property is the conversion of proteids into peptones, and the 
ferment by which this is effected is called pepsin. Milk 
contains a peculiar soluble proteid, called casein, which is 
precipitated by a special ferment, the rennet-ferment, and 
the insoluble proteid, the curd, thus obtaimed is then acted on 
by the pepsin. In the manufacture of cheese, the rennet- 
ferment obtained from the stomach of a calf is used to curdle 
the milk. 


§ 24. After the food has undergone digestion in the stomach 
it passes into the duodenum, the U-shaped loop of intestine 
immediately succeeding the stomach. The duodenum is 
separated from the stomach by a ring-like muscular valve, 
the pylorus ; this valve belongs to the class of muscles called 
sphincters, which, under ordinary circumstances, are closed. 
but which relax to open the circular central aperture. The 
valve at the anus, which retains the facces, 1s another instance 
of a sphincter. 


§ 25. The food at this stage is called chyme; it is an 
acid and soup-like fluid—acid through the influence of the 
castric juice. ‘The temperature of the animal’s body is suf- 
ficiently high to keep most of the fat in the food melted and 
floating in oily drops ; much of the starch has been changed 
to sugar, and the solid proteids to soluble peptones, but manv 
fraements of material still float unchanged. 
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§ 26. It mects now with the bile, a greenish fiuid secreted 
by that large and conspicuous gland the liver. The bile is 
not simply a digestive secretion, like the saliva or the gastric 
juice ; it contains matters destincd to mix in, and after a 
certain amount of change to be passed out of the body with, 
the faeces ; among these substances, of which some portion is 
doubtless excretory, are compounds containing sulphur—the 
bile salts. There is also a colouring matter, bili verdin, 
which ny possibly also be excretory. If the student will 
compare § § 10 and 11, he will notice that in those paragraphs 
no account 1s taken of the sulphur among the katastases, the 
account does not balance, and he will at once see that here 
probably is the missing item on the outgome side. The bile, 
through the presence of these salts, 1s strongly alkaline, and 
so stops the action of the gastric juice, and prepares for that 
of the pancreas, which can act only in an alkahne medium. 
The fermentive action of the bile is trifling; it dissolves fats, 
to a certain extent, and 1s antiseptic, that 1s, 1t prevents 
putrefaction to which the chyme might be hable; 1t also 
seems to act as a natural purgative. 


§ 27. The bile, as we shall see later, is by no means the 
sole product of the liver. 


§ 28. The pancreatic juice, the secretion of the pancreas, 
is remarkable as acting on all the food stuffs that have not 
already become soluble. It emadsifies fats, that is, 1t breaks 
the drops up into extremely small elobules, forming a milky 
fluid, and it furthermore has a fermentive action upon them ; 
it sphts them up into fatly acids, and the soluble body gly ce- 
rine. The fatty acids combine with alkaline substances (§ 26) 
to form bodies which belong to the chemical group of Soaps, 
and which are soluble also. The pancreatic juice also 
attacks any proteids that have escaped the gastric juice, and 
converts them into peptones, and any residual starch into 
sugar. Hence, by this stage, in the duodenum, all the food 
constituents noticed in § 17 are changed into soluble forms. 
There are, probably, three distinct ferments in the pancreatic 
juice acting respectively on starch, fat, and proteid, but they 
have not fou isolated, and the term panereatin 1s sometimes 
used to suggest the three together. 
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§ 29. A suceus entericus, a saliva-like fluid secreted by 
numerous small glands in the intestine wall (Brunner’s glands, 
Lieberkiihnian follicles), probably aids, to an unknown but 
comparatively small extent, in the digestive processes. 


§ 30. The walls of the whole of the small intestine are 
engaged in the absorption of the soluble results of digestion. 
In the duodenum, especially, small processes, the villi, pro- 
ject into the cavity, and, being like the small hairs of velvet 
pile, and as thickly sect, give its inner coat a velvety appear- 
ance. In a villus we find (Fig. IX., Sh. III.) a series of 
small blood-vessels and with 1t another vessel called a daefeal. 
The lacteals run together into larger and larger branches until 
they form a main trunk, the ¢horaeze duct, which opens into 
the blood circulation at a poimt near the heart; but of this 
we shall speak further later. They contain, after a meal, a 
fluid called chyle. 


§ 31. Emulsified fats pass into the chyle. Water and 
diffusible salts certainly pass into the vem. The course 
taken by the peptones is uneertain, but Professor Foster 
favours the chyle in the case of the rabbit—the student 
should read his Zeat-book of Physiology, Pt. U1., Ch. 1., § AL, 
if interested in the further discussion of this question. 


§ 32. The processes that occur in the remaining portions 
of the alimentary canal are imperfectly understood. The 
caecum is so large in the rabbit that 1t must almost certamly 
be of considerable importance. In carnivorous antnals 1t may 
be so much reduced as to be practically absent. An iunportant 
factor in the dict of the herbivorous animals, and one absent 
from the food of the carnivora, is that carbohydrate, the 
building material of all green food, cellulose, and there is 
some ground for thinking that the caecum is probably a 
region of special fermentive action upon it. The pancreatic 
juice, it may be noted, exercises a slight digestive activity 
upon this substance. 


§ 38. Watcris most largely absorbed in the large mtestine, 
and in it the rejected (mainly msoluble) portion of the food 
oradually acquires its dark colour and other faecal character- 
istles, 


TU1.—TZhe Circulation. 


§ 34. The next thing to consider is the distribution of the 
food material absorbed through the walls of the alimentary 
canal to the hving and active parts of the body. This is one 
of the functions of the series of structures—heart and blood- 
vessels, called the circulation, circulatory system, or vascular 
system. It is not the only function. The blood also 
carries the oxygen from the lungs to the various parts where 
work is done and kataboly occurs, and it carries away the 
katastases to the pots where they are excreted—the carbon 
dioxide and some water to the lungs, water and urea to the 
kidneys, sulphur compounds of some kind to the liver. 


§ 35. The blood (Fig. 4, Sh. II.) is not homogeneous ; 
under the low power of the microscope it may be seen to 
consist, of— 

(i.) a clear fluid, the plasma, in which float— 

(11.) a few transparent colourless bodies of zndefinite and 
changing shape, and having a central brighter portion, the 
wucleus with a still brighter dot therein, the xucleolus—the 
white corpuscles (w.c.), and 

(i.) flat round discs, without a nueleus, the red cor- 
puscles (7.c.), greatly more numerous than the white. 


§ 36. The chyle of the lacteals passes, as we have said, by 
the thoracic duct directly into the circulation. It enters the 
leit vena cava supervor (l.v.¢.s.) near where this joins the 
jugular vein (ev. y.) (see Fig. 1, Sh. I1., ¢d.d.), and goes on at 
once with the rest of the blood to the heart. The small veins 
of the villi, however, which also help suck up the soluble 
nutritive material, are not directly continuous with the other 
body veins, the systemic veins; they belong to a special 
system, and, running together mto larger and larger branches, 
form the leno gastric (/.g.v.) and mesenteric (m.v.) veins, 
which unite to form the portal vein (p.v.) which enters the 
liver (/v.) and there breaks up again into smaller and smaller 
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branches. The very finest ramifications of this spreading 
network are called the (liver) capillaries, and these again 
unite to form at last the hepatic vein (/.v.) which enter: 
the vena cava inferior (v.¢.7.), a median vessel, running 
directly to the heart. This capillary network in the hver is 
probably connected with changes requisite before the recently 
absorbed materials can enter the general blood current. 


§ 37. The student has probably already heard the terms 
vein and artery employed. In the rabbit a vein 1s a vessel 
bringing blood towards the heart, while an artery is a vesscl 
conducting it away. Veins are thin-walled, and therefore 
flabby, a conspicuous purple when full of blood, and when 
empty through bleeding and collapsed sometimes difficult to 
make out in dissection. They are formed by the union of 
lesser factors. The portal breaks up into lesser branches 
within the hver. Arteries have thick muscular and elastic 
walls, thick enough to prevent the blood showimg through, and 
are therefore pale pink or white and keep their round shape. 


§ 38. The heart of the rabbit 1s divided by partitions into 
four chambers: two upper thin-walled ones, the auricles 
(au.), and two lower ones, both, and especially the left, with 
very muscular walls, the ventricles (vn.). The right 
ventricle (7.vn.) and auricle (7.au.) communicate, and the 
left ventricle (/.vn.) and auricle (/.au.). 


§ 39. The blood coming from all parts of the body, partly 
robbed of its oxygen and containing much carbon dioxide 
and other katastases, enters the mght auricle of the heart 
through three great veins, the median vena cava infcrior 
from the posterior parts of the body, and the paired venae 
cavae superiores from the anterior. With the beating of the 
heart, described below, 1t 1s forced into the right ventricle and 
from there through the pulmonary artery (p.a.), secn in the 
figure passing under the loop of the aorta (ao.), tothe lings. 


S40. The lungs (/g. Fig. 1, Sh. I.) are moulded to the 
shape of the thoracic cavity and heart; they communicate 
with the pharynx by the trachea (tr. in Fig. 1, Sh. I.) or 
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windpipe, and are made up of a tissue of continually branch- 
ing and diminishing air-tubes, which end at last in small 
air-sacs, the alveoli. The final branches of the pulmonary 
arteries, the lune capillaries, le in the walls of these air- 
sacs, and are separated from the air by an extremely thin 
membrane through which the oxygen diffuses into, and the 
carbon dioxide escapes from, the blood. 


§ 41. The mechanism of respiration will be understood 
by reference to Fig. 8, Sh. IIT. It will be noted in dissecting 
that the hings have shrank : away from the walls of the thorax: 
this collapse occurs directly an aperture is made in the thorax 

wall, and is in part due to their extreme elastievty. In life 
the cavity of the thorax forms an air-tight box, between which 
and the lungs is a slight space, the pleural cavity ( pl.c.), 
lined by a moist membrane, which 1s also reflected over the 
lungs. ‘The thorax wall is muscular and bony, and resists 
the atmospiieric pressure on its outer side, so that the lungs 
before this is cut through are kept distended to the size of 
the thoracic cavity by ‘the pressure of the air within them. 
In inspiration (or breathing-in) the ribs are raised by the 
external intercostal (Anglicé, ‘bet ween-ribs, é.t.e.m.) and other 
allied muscles, and the diaphragm (@a.) contracts and becomes 
flatter ; the air is consequently sucked in as the lungs follow 
the movement of the thorax wall. In expiration the inter- 
costals and diaphragm relax and allow the elastic recoil of the 
lungs to come into play. The thoracic wall is simultaneously 
depressed by the muscles of the abdominal areca, the dia- 
phragm thrust forwards, as the result of the displacement and 
compression of the alimentary viscera thus brought about. 
(r.7.7. in the Figure mark ribs.) 


§ 42. The oxygen and carbon dioxide are not carried in 
exactly the same way by the blood. The student will know 
from his chemical reading that neither of these gases is very 
soluble, but carbon dioxide is sufficiently som an alkaline 
fluid to be conveyed by the hquid plasma. The oxygen 
however, needs a special portative mechanism in the colouring 
matter of the red cor puscles, the haemoglobin, with which 
it combines weakly to form ory-haemoglobin of a bright red 
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colour, and decomposing easily in the capillarics (the finest 
vessels between the arteries and veins), to rclease the oxygen 
again. The same compound occurs in all true vertebrata, 
and in the blood-fluid of the worm; in the crayfish a 
similar substance, Aaemocyanin, which when oxygenated is 
blue, and when deoxydized colourless, discharges the same 
function. 


§ 43. The blood returns from the lungs to the left auricle 
(Z.au.) by the pulmonary veins, hidden in the Figure by the 
heart, passes thence to the thick-walled left ventricle (l.vn.), 
and on into the aorta (ao.). 


S 44. The beating of the heart is, of course, a succession of 
contractions and expansions of its muscular wall. The con- 
traction, or systole, commences at the base of the venae 
cavae and passes to the auricles, driving the blood before it 
into the ventricles, which then contract sharply and drive it 
on into the aorta or pulmonary artery ; a pause and then a 
dilatation, the diastole, follows. ‘he flow of the blood 1s 
determined in one direction by the various valves of the 
heart. No valves occur in the opening of the superior cavae 
but an imperfect one, the Eustachian valve, protects the inferior 
cava; the direction of the heart’s contraction prevents any 
excessive back-flow into the vems, and the onward tendency 
is encouraged by the suck of the diastole of the ventricles. 
Between the left ventricle and auricle is a valve made up of 
two flaps of skin, the mitral valve, the edges of the flaps 
being connected with the walls of the ventricle through the 
intermediation of small muscular threads, the chordae tendinae, 
which stretch across its cavity to little muscular pillars, the 
papillary muscles ; these attachments prevent the mitral valve 
from flapping back into the auricle, and as the blood flows 
into and accumulates in the ventricle it gets behind the flaps 
of the valve and presses its edges together. When the systole 
of the ventricle occurs, the increased tension of the blood 
only closes the aperture the tighter, and the current passes 
on into the aorta, where we find three watch-pocket valves, 
with the pocket turned away from the heart, which are also 
closed and tightened by anv attempt at regurgitation (back- 
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flow). A similar process occurs on the right side of the 
heart, but here, instead of a mitral valve of two flaps 
between auricle and ventricle, we have a tricuspid valve 
with three. The thickness of the muscular walls, in view of 
the lesser distance through which it has to force the blood, 
is less for the right ventricle than the left. 


§ 45. The following are the chief branches of the 
aorta. ‘The student should be able to follow them with 
certainty in dissection ; they are all displayed in the Figure ; 
but it must not be imagined for a moment that familiarity 
with this diagram will obviate the necessity for the practical 
work; 7. is the innominate artery ; it forks into s.cl.a., the 
right subclavian, and 7.¢.¢., the right common carotid. Each 
carotid splits at the angle of the jaw into an internal and 
an external branch. The left common carotid, /.¢.¢., arises 
from the base of the innominate ; /.s.cl.a., the left subclavian 
directly from the aorta. The aorta now curves round to the 
dorsal middle line, and runs down as seen in Figure I 
(Sh. I.) (d.ae.) and Figure I (Sh. I.) (d.ao.). Small 
branches arc given off to the mbs, and then come the 
median coeliac (coe.a.) to the stomach and spleen, the median 
superior mesenteric (s.mes.a.) to the main portion of the 
intestine, and the inferior mesenteric ( p.m.a.) to the rectum. 
Note that no veins to the mferlor vena cava correspond to 
these arteries—the blood they supply going back by the 
portal vein (p.v.). The paired renal arteries (7.a.) supply 
the kidneys, and the common iliacs (¢.2t.a.) the hind legs, 
splitting into the internal iliacs (7.2/.a.) and the femoral (/f.). 
The student should note that the only arteries in the middle 
line are those supplying the alimentary canal. 


§ 46. The distribution of the veins of the rabbit has only 
a superficial parallelism with arteries. The chief factors of 
vena cava inferior are the hepatic vein (/.v.), which receives 
the liver blood, the renal veins (7.v.) from the kidneys, the 
ilaco-lumbar from the abdominal wall, and the external 
(e.1d.v.) and internal iliacs (7.27.v.) ; with the exception of the 
renal veins none of these run side by side with arteries, 
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The superior cavae (7. and/.v.c.s.) are formed by the union 
of internal (7.7.) and external jugular (ey.) veins with a sub- 
clavian (s.cl.v.) from the fore limb. The term pre-caval vein 
is sometimes used for superior cava. The attention of the 
student is called to the small azygos vein (az.) running into the 
right vena cava superior, and forming the only asymmetrical 
(not-balancing) feature of the veins in front of the heart; it 
brings blood back from the ribs of the thorax wall, and is of 
interest mainly because it answers to an enormous main 
vessel, the right post-cardinal sinus, in fishes. There are 
spermatic arterics and veins (s.v. and a.) to the genital organs. 
All these vessels should be patiently dissected out by the 
student, and drawn. 


S47. Between the final branches of the arteries and the first 
fine factors of the veins, and joming them, come the sys- 
temic capillaries. These smallest and ultimate ramifica- 
tions of the circulation penetrate every living part of the 
animal, so that if we could isolate the vascular system we 
should have the complete form of the rabbit in a closely- 
meshed network. It isin the capillaries that the exchange 
of gases occurs and that nutritive material passes out to the 
tissues and katastases in from them; they are the essential 
factor in the circulator 
arteries, and heart simply exist to remove and replace their 
contents. The details of the branching of the pulmonary 
artery and the pulmonary veins need not detain us now. 





S48. Summarising the course of the circulation, starting 
from the nght ventricle, we have—pulmonary artery, pul- 
monary capillaries, pulmonary vein, left auricle, left ventricle, 
aorta, arteries, and systemic capillaries. After this, from all 
parts except the spleen and alimentary canal, the blood 
returns to systemic veins, superior or inferior cava, right 
auricle, and right ventricle. The blood from the stomach, 
spleen, and intestines, however, passes vid the portal vein to 
the liver capillaries and then through the hepatic vein to 
inferior cava, and so on. Material leaves the blood to be 
excreted in lungs, kidneys, by the skin (as perspiration), and 
elsewhere. New material enters most conspicuously (@) by the 
portal veins and (4) by the thoracic duct and left superior cava 
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IV. The Amoeba, Cells, and Tissue. 


§ 50. We have thus seen how the nutritive material 1s taken 
into the animal’s system and distributed over its body, and, 
incidentally, we have noted how the resultant products of 
the creature’s activity are removed. ‘The essence of the 
whole process, as we have already stated, 1s the decomposition 
and partial oxydation of certain complex chemical compounds 
to water, carbon dioxide, a low mitrogenous body, which 
finally takes the form of urea, and other substances. We 
may now go on to a more detailed study, the microscopic 
study, or fistology, of the tissues in which metaboly and 
kataboly occur, but before we do this it will be convenient to 
glance for a moment at another of our animal types—the 
Amoeha, the lowest, as the rabbit 1s the highest, m our 
series, 


Sol. This 1s-shown mm Pie. Il. sh. II, as 2t-svould 
appear under the low power of the microscope. We have a 
mass of a clear, transparent, greyish substance called proto- 
plasm, granular in places, and with a clearer border; within 
this 1s a denser portion called the nucleus, or endoplast (n.), 
which, under the microscope, by transmitted hght, appear 
brighter, and within that, a still denser spot, the nucleolus 
(ns.) or endoplastule. ‘The protoplasm is more or less exten- 
sively excavated by fluid spaces, vacuoles ; one clearer circular 
space or vacuole, which is invariably present, appears at 
intervals, enlarges gradually, and then vamshes abruptly, to 
reappear after a brief imterval; this 1s called the con- 
tractile vacuole (¢.v.). The amocba 1s constantly changing 
its shape, whence its older name of the Proteus animalcule, 
thrusting out masses of its substance im one direction, and 
withdrawing from another, and hence slowly creeping about. 
These thrust-out parts, in its outline, are called pseudopodia 
(ps.). By means of them it gradually creeps round and 
encloses its food. Laittle particles of nutritive matter are 
usually to be detected in the homogeneous protoplasm of its 
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body ; commonly these are surrounded by a drop of water 
taken in with them, and the drop of water is then called a 
food vacuole. ‘The process of taking in food 1s called 
ingestion. ‘The amocba, in all probability, performs essen- 
tially the same chemical process as we have summarised in 

10, 11, 12; it engests food, digests it in the food vacuoles 
and builds it up into its body pr otoplasm, to undergo kataboly 
and furnish the force of its motion—the contractile vacuole, 
is probably respiratory and perhaps excretory, accumulating, 
and then, by its ‘‘systole”’ (ep. § 44), forcing out of its body, 
the water, carbon dioxide, urea, and other katastases, which 
are formed concomitantly with its hfe activity. The amoeba 
reproduces itsclf in the simplest way ; the nucleus occasion- 
ally divides into two portions, and a widening fissure in the 
protoplasm of the animal’s body separates one from the other. 
It is unpossible to say that one 1s the parent cell, and the 
other the otfspring ; the amoeba, we merely percelve, was one 
and is now two. It 1s curious to note, therefore, that the 
amoeba 1s, I a sense, mmortal—that the living nucleus of 
one of these minute creatures that we examine to-day under 
a microscope may have conceivably drawn out an unbroken 
thread of lite since the remotest epochs of the world’s history. 
Although no sexual intercourse can be observed, there is 
reason to believe that a process of supposed ‘‘ cannibalism,”’ 
in which a larger amoeba may occasionally engulph a smaller 
one, 1s really a conjugative reproductive process, and followed 
by increased vitality “and division. 





§ 52. Now, uf the student will compare § 35, he will 
see that in the white blood corpuscles we have a very 
remarkable resemblance to the amoeba; the contractile 
vacuole is absent, but we have the protoplasmic body, the 
nucleus and nucleolus, and those creeping fluctuations of 
shape through the thrusting out and withdrawal of pseudo- 
podia, which constitute ‘‘ amoeboid” motion. ‘They alse 
multiply, in the same way, by division. 


§ 53. It is not only in the white corpuscle of the blood 
that we find this resemblance ; in all the firmer parts of the 
body we find, on microscopic examination, similar little blebs 
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of protoplasm, and at an early stage of development the 
young rabbit is simply one mass of these protoplasmic bodies. 
Their division and multiplication 1s an essential condition of 
erowth. Through an unfortunate accident, these protoplasmic 
blebs, which constitute the living basis of the animal body, 
have come to be styled ‘‘cells,” though the term ‘‘ corpuscles”? 
is far more appropriate. 


54. The word ‘ cell”? suggests somcthing enclosed by 
firm and definite walls, and it was first employed in vegetable 
histology. Unhke the typical cells of animals, the cells of 
most plants are not naked protoplasm, but protoplasm enclosed 
in a wall of substance (cell wall) called cellulose. The pre- 
sence of this cellulose cell wall, and the consequent necessity 
of feeding entirely upon liquids and gases that soak through 
it instead of being able to ¢ngest a portion of solid food is, 
indeed, the primary distinction between the vegetable 
and the animal kingdoms, as ordinarily considered. 


§ 55. Throughout hfe, millions of these cells retain their 
primary characters, and constitute the white corpuscles of 
blood, ‘‘ phagocytes,” and connective tissue corpuscles; others, 
again, engage in the formation of material round themselves, 
und lie, in such cases, as gristle and bone, embedded in the 
substance they have formed; others, again, undergo great 
changes in form and internal structure, and become perma- 
nently modified into, for instance, nerve fibres and muscle 
substance. ‘The various substances arising in this way through 
the activity of cells are called tissues, the building materials 
of that complex thing, the animal body. Since such a crea- 
ture as the rabbit 1s formed through the co-operation of a 
vast multitude of cells, 1t 1s called multicellular ; the amoeba, 
on the other hand, 1s wnzcellular. ‘Lhe rabbit may be thus 
regarded as a vast community of amoeboid creatures and their 
products. 


§ 56. Fig. 4, Sh. III. represents, diagrammatically, em- 
bryonic tissue, of which, to begin with, the whole animal 
consists. The cells are all living, capable of dividing, and 
similar, but as development proceeds, they differentiate, some 
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take on one kind of duty ( function), and some another, like 
boys taking to different trades on leaving school, and wide 
differences in structure and interdependence become apparent. 


§ 57. Itis convenient to divide tissues into three classes, 
though the divisions are by no means clearly marked, nor 
have ‘they any scientific value. The first of these comprises 
tissues composed wholly, or with the exception of an almost 
imperceptible cementing substanee, of cells; the second 
division includes the skeletal tissues, the tissue of mesentery, 
and the connective and basement tissue of most of the organs, 
tissues which, generally speaking, consist of a matrix, or 
embedding substance, formed by the cells and outside of them, 
as well as the cells themselves s; and, thirdly, muscular and 
nervous tissue. We shall study the former two in this 
chapter, and defer the third division until later. 


§ 58. The outer layer of the skin (the epzdermis), the 
inmost lining of the alimentary canal, the lining of the body 
Cavity; and “the inner linings of bloodvessels, elands, and 
various ducts constitute our first division. The general name 
for such tissues is epithelium. When the cells are more or 
less flattened, they form squamous epithelium (VI.), such as 
we find lining the inside of a man’s cheek (from which the 
eels sq. ep. were taken) or covering the mesentery of various 
types—sq. end. are from the mesentery (§ 14) of a frog. A 
short cylindroidal form of cell makes up columnar epithelium, 
seen typically im the eclls covering the vill of the duodenum 
(Fig. V.). This epithelium of the villi has the outer border 
curiously striated, and this 1s usually spoken of as leading 
towards ‘ciliated’? epithclium, to be described immediately. 
The epithehum of the epidermis is stratified—that is to say, 
has many thicknesses of cclls; the deeper layers are alive and 
dividing (stratum mucosun), while the more superficial are 
mere: asingly flattened and drier as the surface 1s approached 
(stratum corneum) and are continually being rubbed off and 
replaced from below. 


§ 59. In the branching air-tubes of the lung, the central 
canal ot the spmal cord, and in the ureters of the rabbit, and 
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in most other types, in various organs, we find ciliated 

epithelium (Fig.VII.). This is columnar or cubical in form, | 
and with the free edge curiously modified and beset with a 
number of hair-hke processes, the eva, by which, during the 
hfe of the cell, a waving motion 1s sustained 3 in one direction. 
This motion assists in maintaining a current in the contents 
of ducts which are lined with this tissne. The motion is 
independent of the general life of the animal, so long as the 
constituent cell still ee and so it is casy for the student to 
witness it himself with a microscope having a 2-in. or Loin, 

objective. Very fine cilia may be scen by cently scraping the 
roof of a frog’s mouth (the cells figured are from this source), 

or the gil of a recently killed mussel, and mounting at once 


in water, or, better, in a very weak solution of common salt. 


§ 60. The lining of glands 1s secretory epithelium ; 
the cells are usually cubical or polygonal (8, g-€p.), and 
they display im the most characteristic form what is called 
metabolism. Anaboly (see § 14) we have defined as a chemi- 
cal change in an upward dircction—less stable and more 
complex compounds are built up in the processes of vegetable 
and animal activity towards protoplasm ; kataboly is a chem 
cal running down; metaboly 1s © more general term, covering 
all vital chemical changes. The products of the action of 
a glandular epithelium are metabohe products; material 
derived from the blood 1s worked up within the cell, not 
necessarily with conspicuous gain or loss of energy, and 
discharged into the gland space. The most striking case of 
this pericn is 1n the ve soblet cells ” that are found amone 
the villi; these are simply glands of one cell, unicellular 
glands, and in Figure V. we see three stages in their action : 
at g.c., material (secretion) is seen forming m the cell, at 
g.¢., 1¢ approaches the outer border, and at g.c., 1t has been 
discharged, leaving a hollowed cell. Usually, however, the 
escape of secreted matter 1s not so conspicuous, and the eland- 
cells are collected as the lhning of pits, simple, as in the 
gastric, pyloric, and Licberkuhnian glands (Figure VIILT., 
§§ 28, 29), or branching hke a tree or a bunch of erapes 
(Fig. r.g.), as in Brunner’s glands (§ 29), the pancreas, ard 
the salivary glands. The salivary glands, we may mention, 
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are a pair internal to the posterior ventral angle of the jaw, 
the sub-maxillary ; a pair anterior to these, the sub-lingual ; 
a pair posterior to the jaw beneath the ear, the parotid, and 
a pair beneath the eye, the enfra orbital. 


§ - The liver is the most complicated gland in the body 
(Ing. X.). The bile duct (.d.) branches again and again, 
and aa at last in the final pits, the lobuli (1. 5 which are 
lined with secretory cpithclium, and tightly packed, and 
squeeze cach other into polygonal forms. The blood supply | 
from which the bile would appear to be mainly extracted is 
brought by the portal vein, but this blood 1s altogether unfit 
for the nutrition of the liver tissue; for this latter purpose a 
branch of the cochac artery, the hepatic, serves. Hence, in 
the tissue of the hver we have, branching and interweaving 
among the lobuli, the small branches of the bile duct (6.d.), 
which carries away the bile formed, the portal vein (p.v.), 
the hepatic artery (/.a.), and the hepatic vein (f.v.). (Com- 
pare § 45.) Figure 4.8. shows a lobule ; the portal vein and 
the artery ramify round the lobule okie 
is (¢xter, between) ; the hepatic vein begins in the middle of 
the lobules (7/ra-lobular), and receives their blood. (Com- 
pare X.a.) Besides its function in the manufacture of the 
excretory, digestive, and auxihary bile, the liver performs 
other dutics. It appears to act as an inspector of the assimi- 
latory material brought in by the portal vein. The vilh, 
for instance, will absorb arsenic, but this 1s arrested and 
thrown down in the hver, <A. third function is the formation 
of what would scem to be a store of carbo-hydrate, glycogen, 
manly, it would appear, from the sugar in the portal vein, 
thoneh also, very probably, from nitrogenous material, 
though this may occur only under exceptional conditions. 
Minally, the nitrogenous katastases, formed in the working 
of muscle and nerve, and returned by them to the blood for 
excretion, are not at that stage in the form of urea. What- 
ever form they assume, they undergo a further metabolism 
into urea before leaving the body, and the presence of con- 
sidcrable quantities of this latter substance in the liver 
suggests this as a fourth function of this organ—the elabora- 
tion of urea. 
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§ 62. Similar, from a physiological point of view, to the 
secretory glands which form the digestive fluids are those 
which furnish lubricating fluids, the lachrymal gland, and 
Harderian glands in the orbit internally to the eye, and pos- 
terior and anterior to it respectively, the sebaceous glands 
(oil glands) connected with the hair, and the anal and 
perineal glands. The secretions of excretory glands are 
removed from the body; chief among them are the sweat 
glands and kidneys. The sweat glands are microscopic tubu- 
lar glands, terminating internally in a small coil (Fig. VIIL., 
s.g.), and are scattered thickly over the body, the water of their 
secretion being constantly removed by evaporation, and the 
small percentage of salt and urea remaining to accumulate as 
dirt, and the chief reasonable excuse for washing. The kidney 
structure is shown diagrammatically in Fig. 5, Sh. VII. A 
ereat number of branching and straight looped tudulz (little 
tubes) converge on an open space, the pelvis. Towards the 
outer layers (cortex) of the kidney, these tubuli terminate in 
little dilatations into which tangled knots of bloodvessels pro- 
ject : the dilatations are called Bowman’s capsules (6.¢.), and 
each coil of bloodvessel a glomerulus (g/.). In the capsules, 
water is drained from the blood; in the tubuli, urea and other 
on the urine are secreted from a branching network of 
vessels. 


§ 63. In all the epithelial tissues that we have considered 
we_have one feature in common: they are cells, each equiva- 
lent to the amoeba, that have taken on special duties—in a 
word, they are specialists. The amoeba is Jack of all trades 
and a free lance; the protective epidermal cell, the current- 
making ciliated cell, the bile or urea-making secretory cell 
is master of one trade, and a soldier in a vast and wonderfully 
organized host. We will now consider our second kind of 
cell in this organization, the cell of which the especial aim is 
the building round it of a tissue. 


§ 64. The simplest variety in this group is hyaline (?.¢. 
glassy) cartilage (gristle). In this the formative cells (the 
cartilage corpuscles) are enjellied in a clear structureless 
matrix (Fig. XII.), consisting entirely of organic compounds 
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accumulated by their activity. Immediately round the cell 
lies a capsule of newer material. Some of the cells have 
recently divided (1); others have done so less recently, and 
there has been time for the interpolation of matrix, as at 2. 
In this way the tissue grows and is repaired. A thin layer 
of connective tissue (see below), the perichondrium, clothes 
the cartilaginous structure. 


§ 65. Connective tissue (Fig. AIII.) is a general name 
for a group of tissues of very variable character. Itis usually 
described as consisting typically i the mammals of three 
chief elements felted together ; of comparatively unmodified 
corpuscles (¢.¢.), more or less amoeboid, and of fibres which 
are elongated, altered, and distorted cells. The fibres are of 
two kinds: yellow, branching, and highly edastze (y.e.f.), in 
consequence of which they fall into sinuous lines in a pre- 
paration, and white and ¢ielastie ones (w.t.f.), lymg in 
parallel bundles. Where the latter clement is entirely domi- 
nant, the connective tissue is tendon, found especially at 
the pomt of attachment of muscles to the parts they work. 
Some clastic hgaments are almost purely yellow fibrous 
tissue. A loose interweaving of the three clements is areolar 
tissue, the chicf fabric of mesentery, membrane, and the 
dermis (beneath the epidermis). With muscle it is the material 
of the walls of the almentary canal and bloodvessels, and 
eenerally it enters into, binds together, and holds in place 
other tissue. The connective tissue of fishes displays the 
differentiation of fibres 1n a far less distinct manner. 


§ 66. Through connective tissues wander the phagocytes, 
cells that are difficult to distinguish, if really distinct, from 
the white blood corpuscles. These cells possess a remarkable 
freedom; they show an initiative of their own, and scem 
endowed with a subordinate individuahty. They occur in 
ercat numbers in a tissue called botryoidal tissue (Fig. 
XLY.), which occurs especially in masses and patches along 
the course of the alimentary canal, in its walls. The tonsils, 
swellings on cither side of the throat, are such masses, and 
averegates occur as visible patches, the Peyer’s patches, on- 
the ileum. It also constitutes the mass of the vermiform. 
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uppendix and the wall of the sacculus rotundus; and in the 
young animal the ‘‘ thymus gland,” ventral to the heart, and, 
less entircly, the ‘‘ thyroid gland,’ ventral to the larynx, 
are similar structures, which are reduced or disappear as 
development proceeds, It is evident that in these two latter 
cases the term ‘‘ gland” is somewhat of a misnomer. The 
matrix of botryoidal tissue is a network of stretched and hol- 
lowed connective tissue cells—it is not a secretion, as cartilage 
matrix appears to be. During digestion, the phagocytes prowl 
into the intestine, and ingest and devour bacteria, that might 
otherwise give rise to disease. In inflammation, we may note 
here, they converge from all directions upon the point wounded 
or irritated. They appear to be the active agents in all 
processes of absorption (see osteoclasts under bone), and, for 
instance, migrate into and devour the tissues of the tadpole’s 
tail, during its metamorphosis to the adult frog. 


§ 67. Within the connective tissue cells fat drops may be 
formed, asin Figure XV. Adipose tissue 1s simply connective 
tissue loaded with fat-distended cells. The tissue is, of 
course, a store form of hydro-carbon (§ 17), provided against 
the possible misadventure of starvation. With the exception 
of some hybernating animals, such store forms would seem to 
be of accidental importance only among animals, whereas 
among plants they are of invariable and necessary occurrence. 


§ 68. We now come to Bone, a tissue confined to the ver- 
tebrata, and typically shown only in the higher types. As 
we descend in the scale from birds and mammals to lizards, 
amphibia (frogs and toads) and fish, we find cartilage contin- 
ually more important, and the bony constituent of the 
skeleton correspondingly less so. In such a type as the dog- 
fish, the skeleton is entirely cartilaginous, bone only occurs 
in connection with the animal’s scales; it must have been in 
connection with scales that bone first appeared in the verte- 
brate sub-kingdom. In the frog we have a cartilaginous 
skeleton over/wd by numerous bony scutes (shield-like plates) 
which, when the student comes to study that type, he will per- 
celve are equivalent to the bony parts of such scales as occur in 
the dog-fish, sunk inward, and plating over the cartilage ; and 
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in the frog the cartilage also is itself, in afew places, replaced 
by bony tissue. In the adult rabbit these two kinds of bone, 
the bone overlying what was originally cartilage (membrane 
bone), and the bone replacing the cartilage (cartilage 
bone) have, between them, practically superseded the 
cartilage altogether. The structure of the most characteristic 
kind of bone will be understood by reference to Fig. XVI. It 
is a simplified diagram of the transverse section of such a bone 
as the thigh bone. JC. is the central marrow cavity, //.v., 
i7.v, are cross sections of small bloodvessels, the Haversian 
vessels running more or less longitudinally through the bone 
in canals, the Haversian canals. Arranged round these 
vessels are circles of the formative elements, the bone cor- 
puscles or osteoblasts (b.c.) each embedded in bony matrix ina 
httle bed, the /acuna, and communicating one with another by 
fine processes through canaliculi in the matrix, which processes 
are only to be seen clearly in decalcified bone.* The osteo- 
blasts are arranged in concentric series, and the matrix is 
therefore in concentric layers, or lamellae (¢.l.). Without 
and within the zone of Haversian systems are (0./. and 7./.), 
the outer and inner lamellae. The bone is surrounded by 
connective tissue, the periosteum. In addition to this compact 
bone, there is a lighter and looser variety in which spicules 
and bars of bony tissue are loosely interwoven. Many flat 
bones, the bones of the skull, for instance, consist of this 
spongy bone, plated (as an electro spoon is plated) with 
compact bone. 


§ 69. Among the bony bars and spicules of spongy bone 
occurs the red marrow—which must not be confused with 
the yellow marrow, the fatty substance in the central cavity 
of long bones. In this red marrow are numerous large colour- 
less cells, which appear to form within their substance and 
then liberate red blood corpuscles. This occurs especially in 
the spongy bone within the ribs. 


§ 70. *The matrix of bone differs from that of cartilage 
or of most other tissues in consisting chiefly of ¢norganie salts. 
The chief of these is calcium phosphate, with which much 
smaller quantities of calcium carbonate, and magnesium 
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phosphate and carbonate occur. These inorganic salts can be 
removed by immersion of the bone in weak hydrochloric acid, 
and a flexible network of connecting tissue, Haversian 
vessels, bone corpuscles, and their processes remains. This 
is decalcified bone alluded to above. 


§ 71. In the very young rabbit, the limb bones, vertebral 
column, and many of the skull bones are simply plates and 
bars of cartilage; the future membrane bones, however, are 
planned out in connective tissue. The development of the 
latter is simple, the connective tissue corpuscles functioning 
by a simple change of product as osteoblasts. The develop- 
ment of the cartilage bones, however, is more compheated. 
Figure XVIT., represents, in a diagrammatic way, the stages in 
the conversion ofacartilaginous barto bone. ‘To begim with, 
the previously sporadically-arranged (scattered anyhow) cor- 
puscles (w.¢.c.) are gathered into groups in single file, or, mn 
other words, into ‘‘ columnar” groups (as at e.¢.). The 
matrix becomes clouded with inorganic salts of hme, and it 
is then said to be ealetfied. This calcified cartilage then 
undergoes absorption—it must not be imagined for a moment 
that bone is calcified cartilage. Simultaneous with the 
formation of the cavities (s) due to this absorption, connective 
tissue (.¢.2.) from the surrounding perichondrium ( p.e.) 
grows into the ossifying* bar. It is from this connective 
tissue that the osteoblasts (0.6.) arise, and bone is built up. 
Throughout life a bone is continually being absorbed and 
reformed by the activity of the osteoblasts. An osteoblast 
engaged in the absorption instead of the formation of bone is 
called an osteoclast. 


§ 72. The great thing to notice about this is that cartilage 
does not become bone, but is eaten mto and ousted by it; 
the osteoblasts and osteoclasts replace entirely the cartilage 
corpuscles, and are not derived from them. 


§ 73. We may mention here the structure of the spleen 





*The formation of bone is called ossification. To ossify is to 
become bony. 
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(Fig. 1, p. 6). It consists of a connective tissue and mus- 
cular coating, with an internal soft matrix much resembling 
botryoidal tissue, traversed by fibrous trabeculae (= beams, 
pl. inks) containing blood-vessels, and the whole organ is 
eorged with blood, particularly after meals. The considera- 
tion of its function the student may conveniently defer for 
the present. 


74. Here, also, we may notice the lymphatics, a series 
of small vessels which return the overflow of the blood serum 
from the capillaries, in the nutrition of the tissues in all parts 
of the body, to the thoracic duct (see § 36), and the general 
circulation. Atintervals their course is interrupted by gland- 
ike dilatations, the lymphatic glands, in which masses of 

rapidly dividing and growing (proliferating) cells occur, of 
which, doubtless, many are detached and become, first ‘7 ymph 
co? puseles,” and, when they reach the veins, white blood 
corpuscles, 


V.—=The Skeleton. 


75. We are now in a position to study the rabbit’s 
skeleton. We strongly recommend the student to do this 
with the actual bones at hand—they may be cleared very 
easily in a well-boiled rabbit. ‘This recommendation may 
appear superfiuous to some readers, but, as a matter of fact, 
the marked prochyity of the average schoolmaster for mere 
book-work has put such a stamp on study, that, in nine cases 
out of ten, a student, unless he is expressly mstructed to the 
contrary, will go to the tortuous, and possibly inexact, de- 
scriptions of a book for a knowledge of things that he »t his 
very finger-tips. We have not written this chapter to give a 
complete knowledge of the skeleton, but simply as an aid in 
the actual examination of the bones. 


76. We may take the skeleton under five headings. 
There is the central axis, the chain of little bones, the verte- 
brae, threaded on the spinal cord (see Fig. 1 and S 1); the 
thorax, the box enclosed by ribs and eae the fore-lmb 
and bones connected with ‘it (pectoral girdle and hhmb), and 
the hind-hmb and bones penecied with it (pelvic girdle). 
Finally, there is the skull, but, following the London Uni- 
versity syllabus, we shall substitute the skull of the dog for 
that of the rabbit, as more typically mammadian (§ 4). 


§ 77. In § 3 Q@vluch the student should refer to) we have 
a division of the vertebrac into tour vancties. Of these the 
most representative 1s the thoracic. <A thoracic vertebra 
(Fig. 4, 8h. V., 7. 7.) consists of a ecntral bony mass, the body 
or centrum (b.), from which there arises dorsally an arch, the 
neural arch (7.a.), completed by a keystone, the neural spine 
(1.8.); and coming off laterally from the arch is the trans- 
verse process (¢ér.p.). Looking at the vertebra sideways, we 
cee that the arch is notched for the exit of nerves. Jointed 
to the thoracic vertebrae on cither side are the ribs (r.). 
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Kach rib has a process, the tuberculum, going up to articulate 
with the transverse process, and one, the caprtulum, articu- 
lating between the bodies of two contiguous vertebrae. ‘The 
facets for the articulation of the capitulum are indicated in 
the side view by shading. At either end of the body of a 
vertebra of a young rabbit are bony caps, the epiphyses 
(ep.), separated from the body by a plane of unossified car- 
tilage (indicated by the dots). These epiphyses to the 
vertebral bodies occur only among mammals, and are even 
absent 1n some cases within the class. In the adult rabbit 
they have ossified continuously with the rest of the body. 


§ 78. A cervical vertebra (C.V’.) seems, upon cursory 
inspection, to have no rib. The transverse processes differ 
from those of the thoracic series in having a perforation, the 
vertebrartertal canal, through which the vertebral artery runs 
up the neck. A study of the devclopment of these bones 
shows that the part marked fr. ossifies separatcly from the 
rest of the transverse proccess ; and the form of the equivalent 
structures in certain peculiar lower mammals and in reptiles 
leaves no doubt that fir. is really an abbreviated rib, fused up 
with the transverse process and body. Thetwoantcrior cervical 
vertebrae are peculiar. The first Caz.) 1s called the Atlas—— 
the figure shows the anterior view—and has great articular 
faces for the condyles (§ 86) of the skull, and a deficient 
centrum. The next 1s the axis, and it 1s distinguished by an 
odontord peg (od.p.), which fits into the space where the body 
of the atlas 1s deficient. In development the centrum of the 
axis ossifies from one centre, and the odontoid peg from 
another, which at that time occupies the position of centrum 
of the atlas. So that it weuld seem that the atlas 1s a verte- 
bra menus acentrum, and the axisisa vertebra plus a centrum, 
added at the expense of the atlas. 


§ 79. The lumbar vertebrae (/.v.) are larger, and have 
cleft transverse processes, each giving rise to an ascending 
lmb, the metapophyses, and a descending one. The latter 
(generally spoken of as the transverse processes) point steeply 
downward, and are considerably longer than those of the 
thoracic series. The sacral vertebrae (s.v.) have great 
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flattened transverse processes for articulation with the ilia. 
The caudal vertebrae (c.v.) are gradually reduced to the 
mere clongated centra, as we proceed towards the tip of the 


tail. 


§ 80. All the vertebrae join with their adjacent fellows 
through the intermediation of certain intervertebral pads, and 
also articulate by small processes at either end at the upper 
side of the arch, the zygapophyses. The normals to the polished 
facets of these point, in the case of the anterior zygapophyses, 
up and in (mnemonic: ant-up-in), and in the case of the 
posterior, down and out. The student should make this, and 
the other features of vertebrae, out upon actual specimens. 


§ 81. The thorax is bounded dorsally by the vertebral 
column, and ventrally by the sternum. The sternum consists 
of segments, the sternebrae (st.); anteriorly there is a bony 
manubrium (mb.), posteriorly a thin cartilaginous plate, the 
aiphisternum (at.). Seven pairs of ribs articulate by car- 
tilaginous ends (sternal ribs) with the sternum directly, as 
indicated in the figure; five (false) mbs are joined to each 
other and to the seventh, and not to the sternum directly. 
The last four ribs have no tuberculum (§ 77). 


§ 82. The fore-limb (pectoral limb) consists of an upper 
arm bone, the humerus (hum.), the distal end of which is 
deeply excavated by the olecranon fossa (0.f.), as indicated 
by the dotted lines ; of two bones, the ulna (w.) and radius (7.), 
which are firmly bound by ligament in the position of the 
figure (7.e., with the palm of the hand downward, ‘‘ prone’’) ; 
of a number of small bones (carpalia), the carpus (¢.); of a 
series of metacarpals (mc.); and of three digits (= fingers), 
each, except the first, or pollex, of three small bones—the 
phalanges, only the proximal of which appear m the figure. 
The ulna has a hook-like head, the olecranon (0 ), which dis- 
tinguishes it easily from the distally thickened radius. The 
limb is attached to the body through the intermediation of 
the shoulder-blade (scapula, sc.), a flattened bone with a me- 
dian external ridge with a hook-like termination, the acromion 
(acr.). There is also a process overhanging the glenord cavity 
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(y.), wherein the humerus articulates, which process is called 
coracoid (co.); 1t 18 ossified from two separate centres, and 
represents a very considerable bone in the bird, reptile, and 
frog. Along the dorsal edge of the scapula of the rabbit 1s 
unossified cartilage, which 1s called the supra-scapula (s.s8e.). 
Jn man there runs from the acromion to the manubrium of the 
sternum a bone, the collar-bone or elaviele. This is repre- 
sented by a very impericctly ossified rndiment m the rabbit. 
The scapula and clavicle, the bones of the body connected 
with the fore-hmb, are fr equently styled the pectoral girdle, 
or shoulder-girdle ; this name of girdle will appear less of a 
misnomer when lower vertebrate types are studied. 


§ 85. The hind hmb and its body bones—pelvie limb 
and girdle—are shown in fig.2. The hmb skeleton corre- 
sponds closely with that of the fore-limb. The femur ( fe.) 
answers to the dumerus, and is to be distinguished from it by 
the greater distinctness of its proximal head (hd.), and by the 
absence of an olecranon fossa from its distal end. The tzbza 

2 = the radius) is fused for the distal half of its length 
with the fibula (fb. = ulna). <A tarsus (tarsalia) equals 
the carpus.* Two of the proximal tarsala may be noted: 
one, working hke a pulley under the tibia, is the astragalus 
(as.); one, forming the bony support of the hecl, isthe caleaneum 
(ca). There is a series of metatarsals, and then come four 
digits of three phalanges each. 





§ 84. The pelvic girdle differs from the pectoral in most 
land vertebrata in being articulated with the vertebral column. 
This difference does not exist i fishes. It consists m the 


* Sueh aresemblance as exists between one vertebra and another in 
the rabbit, or between the humerus and femur, is called serial homo- 
logy; the two things correspond with cach other to the extent of 
imperfeet reduphcation. “ Ifomology” simply is commonly used 
to indicate the resemblance between any two structures in different 
animals, in origin and position as regards other parts. ‘Thus, the 
heart of the rabbit and of the frog are homologous structures, 
corresponding in position, and resembling each other much as two 
memory sketehes of one picture might do. 
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rabbit of four bones; the ilium (?.), the ischium (7s.), the pubis 
(pb.), and the small cotyloid bone—the first two and the latter 
one meeting in the acetabular fossa (ae.), in which the head of 
the femur works. ‘The pubes and ischia are fused along the 
mid-ventral line. Many morphologists regard the ihum as 
equivalent to, thatis, strictly corresponding in its relation to 
the scapula, the pubis to the cartilaginous substratum of the 
clavicle, and the ischium to the coracoid. 


§ 85. These bones will be studied at the greatest advantage 
when dissected out from a boiled rabbit. Prepared and 
wired skeletons, disarticulated skeletons, plates of figures, 
and written descriptions are in succession more tedious and 
less satisfactory ways to a real comprehension of this matter. 
This chapter directs the student’s attention to the most 
important points in the study of the skeleton, but, it is in no 
way intended to mitigate the necessity of practical work. It 
is a guide simply. 


§ 86. The mammalian skull will be better understood after 
the study of that of some lower vertebrate. We shall 
describe its main features now, but their meaning will be 
much clearer after the lower type 1s read. Our figures are 
of Canis. Insection (Fig.4, Sh. VI.), weperceive a brain case 
(crantum) opening behind by a large aperture, the foramen 
magnum (£.Mf.). In front of this is an extensive passage, the 
nasal passage (BV. to P.N.), whichis divided from the mouth 
by a bony floor, the palate, and which opens into the pharynx 
behind at the postervor nares (P.N.), and to the exterior by 
the anterior or external nares (£.N.). It is divided into 
right and left passages by a middle partition, the nasal 
septum. Outside the skull, on its wings, is a flask-like bone, 
the bulla tympane (6. in Figs. 2 and 3), protceting the middle 
ear, and from above this there passes an arch, the cheek bone 
(ju. in Figs. 1, 2, and 3), to the upper jaw, forming in front 
the bony lower protection of the cavity containing the eye, 
the orbit. The cheek arch, nasal passage, and jaws, form 
collectively the ‘‘ facial apparatus,’ as distinguished from the 
cranium, and the whole skull is sometimes referred to as the 
‘‘cranio-facial apparatus.’’ Two eminences for articulation 
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with the atlas vertebra, the condyles (¢.), lie one on each side 
of the lower boundary of the foramen magnum. 


§ 87. The floor of the cranium consists of a series of car- 
tilage bones, the bast-occipital (b.0.), bast-sphenord (b.sp.), pre- 
sphenord ( p.sp.), and in front, the ethmord (eth.), which sends 
down a median plate, not shown 1n the figure, to form the nasal 
septum between right and left nasal passages. Like extended 
wings on either side of the basi-occipital are the ea-occrpital 
(e.0.) (the bone is marked in Fig. 4, but the letters are a little 
obscured by shading). Similarly, the alz-sphenords (a.s.), are 
wings to the dasz-, and the orbzto-sphenords (0.8.), to the pre- 
sphenord bone ( p.sp.). Between the ex-occipital and ali-sphenoid 
there is wedged in a bone, the perzotie (p.o.), contaiming the 
internal ear (§ 115). Above the foramen magnum the median 
supra-occipital bone completes what is called the occipital 
arch. <A pair of partetals ( pa.) come above the ali-sphenoids, 
and a pair of frontals ( f.), above the orbito-sphenoids. At the 
side the brain case is still incomplete, and here the squamosal 
(sq.) enters intoits wall. In the external view (Fig. 3) the 
bulla hides the periotic bone from without. The student 
should examine all four figures for these bones before pro- 
ceeding. 


§ 88. The outer edge of the upper jaw and the cheek 
arch are made up of three paired bones. First comes the 
premaxilla ( p.m.) (not p.m., or p.m.,), containing, in the dog, 
the three incisors of either side. Then comes the maxilla, 
bearing the rest of the teeth.* The jugal, or malar (ju. ), 
reaches over from the maxilla to meet a zygomatic process 

= connecting outgrowth) (z.p.) of the squamosal bone. 


§ 89. In the under view of the skull (Fig. 2) 1t will be 
seen that the maxilla sends in a plate to form the front part 
of the hard palate. Behind, the hard palate is completed 
by the pair of palatine bones ( pal.), which conceal much of the 
pre- and orbito- sphenoid in the ventral view, and which run 


* In the doga sabre-like canine (c.), four pre-molars (p.m., top.m.,) 
and two molars (m.), mg). 
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back as ridges to terminate in two small angular bones, the 
pterygoids (pt.), which we shall find represent much more 
important structures in the lower vertebrata. 


§ 90. The pre-maxillae and maxillae bound the sides of 
the nasal passage, and it is completed above by a pair of 
splints, the nasals. Along the floor of the nasal passage, on 
the middle line, lies a splint of bone formed by the coalescence 
of two halves. It embraces in a V-like groove the meseth- 
moid (nasal septum) above, and lies on the palate. In the 
frog it is represented by two laterally situated bones. This 
is the vomer bone (wo.). The nasal passages are partially 
blocked by foliated bony outgrowths from the inner aspect 
of their walls, which in life are covered with mucous mem- 
brane, and increase the surface sensitive to smell. The 
ethmoid sends in the ethmo-turbinal (e.t.) ; the nasal, the naso- 
turbinal (n.t.); and the maxilla, the mazillo-turbinal (m.t.). 
In the anterior corner of the orbit there 1s a bone, the lachrymal 
(lc., Fig. 1), which is hidden by the maxilla in the side view 
of the skull. 


§ 91. The lower jaw (mandible) 1s one continuous bone 
inthe mammal. Three incisors bite against the three of the 
upper jaw. Then come a canine, four premolars, and three 
molars, the first of which is blade-lke (sectorial tooth), and 
bites against the similar sectorial tooth (last premolar) of the 
upper jaw. ‘The third molar is small. The arrangement of 
tecth is indicated in the following dental formula :— 


3.3 Eel 14 2.9 
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§ 92. Attached just behind the bulla above, and passing 
round on either side of the throat to meet at the base of the 
tongue, is the hyoid apparatus (lig. 6). The stylohyal 
(s.A.), epihyal (¢.h.), and ceratohyal (¢.h.) form the anterior 
cornu of the hyoid. The body of the hyovd (b.h.) forms a basis 
for the tongue. The posterior cornua (t.h.) of the hyoid are 
also called the thyrohyals. 
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§ 93. The following table presents these bones in some- 
thing like their relative positions. A closer approximation 
to the state of the case will be reached if the student will 
imagine the maxilla raised up so as to overlie and hide the 
palatine and presphenoid, the squamosal similarly overlying 
the periotic bone, and the jugal reaching between them. 
Membrane bones are distinguished by capital letters. 





CRANIUM. 
ii Sas ee de 
NASAL PRONTAL | PARIETATL Supra-ocetpital 
(paired) | (paired) (paired) (inedian ) 
a : 
Noe 3 
oO | aes SS 
a. | arc : ; 5 
con oe Orbito- > Ali-sphenoid -s F Ha-occrpital 
S == sphenoid B (paired) SE (paired) 
Site (paired) S 
Pes AL 
S 
Pre-sphenoid Basi-sphenoid | Bast-occipital 
(inedian) Gnedian) | (median) 
| | 
VOMER BuLDA 
(paired) 
UPPER JAW. 
PRE-MAXILLA Palatine Pterygoid 
(paired) (paired ) (paired) 
VES EA JUGAL SQUAMOSAL 
(paired ) ‘(paired ) (paired ) 


LOWER JAW. 


* Tn this table the small bones of the car are simply indicated 
by an asterisk, 
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S 94. Ilidden by the bulla, and just external to the peri- 
otic bone, are the auditory ossicles, the ineus, malleus, os 
orbiculare, and stapes. These will be more explicitly treated 
when we discuss the car. 


S 95. When we come to the study of the nerves, we shall 
revert to the skull, and treat of its perforations. The student 
should not fail, before proceeding, to copy and recopy our 
figures, and to make himself quite familiar with them, and 
he should also obtain and handle an actnal skull. Tor all 
practicat purposes the skull of a sheep or cat will be almost 
as useful as thut of the dog. 
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VI. Muscle and Nerve. 


§ 96. We have, in the skeleton, a complicated apparatus 
of parts hinged and movable upon one another; the agent 
moving these parts is the same agent that we find in the 
heart walls propelling the blood through the circulation, in 
the alimentary canal squeezing the food along its course, 
and universally in the body where motion occurs, except in 
the case of the creeping phagocytes, and the ciliary waving 
of ciliated cpithchum. This agent is muscle. We have, 
in muscular tissuc, a very wide departure from the structure 
of the primordial cell; to usc a common biological expression, 
a very great amount of modification (= differentiation). 
Sh. VIL. represents the simpler kind of muscular tissue, un- 
striated muscle, in which the cell character is still fairly 
obvious. The cells are fusiform (spindle-shaped), have a 
distinct nucleus and faint longitudinal striations (striations 
along their length), but no transverse striations. 


§ 97. In striated muscle extensive modifications mask 
the cell character. Under a +in. objective, transverse stria- 
tions of the fibres arc also distinctly visible, and under a much 
higher power we discern in a fibre (Sh. VIL.) transverse 
columns of rod-like sareous clements (s.e¢.), the columns 
separated by lines of dots, the membranes of Krause (4.m.), 
and nuclei (.), flattened and separated into portions, and 
lying, in some cases, close to the sarcolemma (se.), the con- 
nective tissue enclosing the fibre, in others scattered through- 
out the substance of the fibre. The figure shows the fibre 
ruptured, in order to display the sarcolemma; e.2. 1s the end 
plate of a nerve (a.v.), and fb. are the fibrillac into which a 
fibre may be teased. 


§ 98. In the heart we have an intermediate kind of muscle, 
cardiac muscle (Iig. 2), in which the muscle fibres branch ; 


there is apparently no sarcolemma, and the undivided nuclei 
lie in the centre of the cell. 


2 
f 
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§ 99. Unstriated muscle is sometimes called ieroluntary, 
and striated, voluntary muscle ; but there is really not the 
connexion with the will that these terms suggest. We have 
just mentioned that the heart-muscle is striated, but who 
can alter the beating of the heart by force of eal: ? and the 
striated muscles of the Hmbs perform endless involuntary 
acts. It would secm that unstriated muscle contracts slowly, 
and we find it especially among the viscera; m the intestine, 
for instance, where it controls that ‘“peristu/fie” movement 
which pushes the food forward. Voluntary muscle, on the 
other hand, has a sharp contraction. The muscle of the slow- 
moving snails, slugs, and wussels is unstriated ; ail the muscle 
of the ‘active insccts and crustacca (crabs, lobster Sacer = 
fish) is striated. Still, if the student bears the exception of 
the heart in mind, and considers muscles as ‘‘ voluntary’ 
that his will can reach, the terms voluntary and involuntary 
will serve to give him an idea of the distribution of these 
two types of muscle in his own body, and in that of the 
rabbit. 


§ 100. Muscular contraction, and gencrally all activity mm 
the body 1s accompanied by kataboly. ‘The medium by whicel: 
these katabolic changes are sct going and controlled is the 
nervous system. The nervous system holds the wholc 
body together in one harmonious whole; 1t 1s the governing 
organization of the multicellular community (§ 55), and the 
supreme head of the government resides in the brain, and 1s 
called the mind. But just as in a political state only the 
most important and most exccptional dutics are performed by 
the imperial body, and minor matters and questions of routine 
are referred to boards and local authorities, so the mind takes 
cognisance only of a few of the higher concerns of the animal, 
and a large amount of the work of the nervous system gocs 
on insensibly, in a perfectly autom: aut 
occurs in the brain. 





§ 101. The primary elements in the tissue of the nervous 
system are three: nerve fibres, which are simply conducting 
threads, telegraph wires; ganglion cells, which are the 
officials of the system ; and neuro glia, a fin variety of con- 
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nective tissue which holds these other clements together, and 
may also possibly exercise a function in affecting impressions. 
A message along ancrve toa ganglion cell is an afferent ampres- 
ston, from a cell to a muscle or other external end is an efferent 
unpression. ‘The passage of an impression may be defined as 
a flash of kataboly along the nerve, and so every feeling, 
thought, and determination involves the formation of a 
certain quantity of katastases, and the necessity for air and 
nutrition. 


§ 102. Unlike telegraph wires, to which they are often com- 
pared, nervous fibres usually convey impressions only in one 
direction, either centrally (afferent or sensory nerve fibres), or 
outwardly (efferent or motor nerve fibres). But the so-called 
motor nerve fibres include not only those that sct muscles in 
motion, but those that excite secretion, check impulsive 
movements, and govern nutrition. 


§ 103. Fig. 7, Sh. VILI., shows the typical structure of 
nervous tissues. ‘The nerve fibres there figured are bound 
together by endoneurrvum mto small ropes, the nerves, encased 
in perineurtum. There is always a grey axis cylinder (4.c.), 
which may (in medullated nerves), or may not (in non-medul- 
lated or grey nerves) have amedulary sheath (s..8.) interrupted 
at intervals by the nodes of Ranvier (”.f.). Nuclei (m.) at 
intervals under the sheath indicate the cells from which nerve 
fibres are derived by a process of clongation. The nerves of 
invertebrata, where they possess nerves, are mostly grcy, 
and so are those of the sympathetic system of vertebrata, to 
be presently described. g.¢.,g.c. are ganglion cells ; they may 
have many hair-like processes, usually running into continuity 
with the axis cylinders of nerve fibres, in which case they are 
called muté:-polar cells, or they may be une- or b2-polar. 


§ 104. The simplest example of the action of the nervous 
system 1s reflex action. For instance, when the foot of a 
trog, or the hand of a soundly sleeping person, 1s tickled very 
gently, the limb is moved away from the irritation, without 
any mental action, and entirely without will being exercised. 
And when we go from lhght into darkness, the pupil of the 
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eye enlarges, without any direct consciousness of the change 
of its shape on our part. Similarly, the presence of food in 
the pharynx imitiates a series of movements—swallowing, the 
digestive movements, and so on—which in health are entirely 
beyond our mental scope. 


§ 105. A vast amount of our activities are reflex, and in 
such action an efferent stimulus follows an afferent promptly 
and quite mechanically. Jt 2s only where efferent stimule do 
not immediately become entirely transmuted into outwardly 
moving tmpulses that mental action comes in and an animal 
feels. There appears to be a direct relation between 
sensation and motion. For instance, the shrieks and other 
instinctive violent motions produced by pain, ‘‘ shunt off’ a 
certain amount of nervous impression that would otherwise 
register itself as additional painful sensation. Similarly, 
most women and children understand the comfort of a ‘' good 
cry,’? and its benefit in shifting off a disagreeable mental 
state. 


§S 106. The mind receives and stores impressions, and these 
accumulated experiences are the basis of memory, comparison, 
imagination, thought, and apparently spontaneous will. 
Voluntary actions differ from reflex by the interposition 
of this previously stored factor. For instance, when a frog 
sees a small object m front of him, that may or may not be 
an edible insect, the direct visual impression does not directly 
determine his subsequent action. It revives a number of 
previous expericnees, an image already stored of similar 
insects, and associated with painful or pleasurable gustatory 
experiences. With these arise an emotional effect of desire 
or repulsion which passes into action of capture, or the 
reverse. 


§ 107. Voluntary actions may, by constant repetition, 
become quasi-refiex in character. The intellectual phase 1s 
abbreviated away. Jfabits are once voluntary and deliberated 
actions becoming mechanical in this way, and shpping out 
of the sphere of mind. For instance, many of the detailed 
movements of writing and walking are performed without any 


A4 BIOLOGY. 


attention to the details. An excessive concentration of the 
attention upon one thing leads to absent-mindedness, and to 
its consequent absurditics of Inappropriate, because mpericctly 
acquired, reflexes. 


§ 108. This fluctuating scope of mind should be remem- 
hered, more especially when we are considermg the probable 
mental states of the lower animals. An habitual or reflex 
action may have all the outward appearance of deliberate 
adjustment. We cannot tell in any particular case how far 
the mental comes in, or whether it comes in at all. Seeing 
that in our own case consciousness does not enter into our 
commonest and most necessary actions, into breathing and 
cigestion, for instance, and scarecly at all into the details of 
such acts as walking and talking, we might infer that nature 
was cconomical in its use, and that in the case of such an 
animal as the Rabbit, which follows a very limited routine, 
and in which scarcely any versatility in emergencies 1s 
evident, it must be relatively inconsi: erable. Perhaps, after 
all, pain is not scattered so needlessly and lavishly through- 
out the world as the enemics of the vivisectionist would have 
us beheve. 


VIl.—The Nervous System. 


§ 109. A httle more attention must now be given to the 
detailed anatomy of the peripheral and central nerve ends. 
A nerve, as we have pointed out, terminates centrally in some 
eanelon cell, eather in a ganghon or in the spinal cord or 
brain ; . peripherally there is a much greater variety of ending. 
We may have tactile (touch) ends of various kands, and the 
similar olfactory and gustatory end organs; or the nerve may 
conduct efferent 1mpressions, and terminate in a gland which 
it excites to secretion, in a muscle end-plate, or, m fact, any- 
where where kataboly can be set going and energy disengaged. 
We may now bricily advert to the receptive nerve ends. 


§ 110. Many sensory nerves, doubtless, terminate im fine 
ends among the tissues. There are also special touch cor- 
puscles, ovoid bodies, around which a nerve twines, or 
within which it terminates. 


§ 111. The eye (I'ig. 8) has a tough, dense, outer coat, 
the selerotie (se.), within which is a highly vascular and 
internally pigmented layer, the choroid, upon which the per- 
cipient nervous layer, the refina (r.), rests. ‘The chief chamber 
of the cye is filled with a transparent jelly, the vitreous 
humour (v.4.). In front of the eye, the white sclerotic passes 
into the transparent cornea (¢.). The epidermis is continued 
over the outer face of this as a thin, transparent epithelum. 
The choroid coat is continued in front by a ring-shaped 
muscle, the iris (7r.), the coloured portion of the eyes. This 
iris enlarges or contracts its central aperture (the black pupil) 
by reflex action, as the amount of heht diminishes or increases 
Immediately behind this curtain 1s the erystalline lens (U. ), 
the curvature of the anterior face of which is controlled by 
the etliary muscle (e.m.). In front of the lens is the aqueous 
humour (a.2.). The deseription of the action of this appa- 
ratus involves the explanation of several of the clementary 
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principles of optics, and will be found by the student in any 
text-book of that subject. Here 1 would have no very 
instructive bearing either on general physiological considera- 
tions or upon anatomical fact. 


§ 112. The structure of the retina demands fuller notice. 
Figure 9 shows an enlarged diagram of a small portion of 
this, the pereipient part of the eye. The optic nerve (0.”. in 
Fig. 8) enters the eye at a spot called the ddend spot (B.8.), 
and the nerve fibres spread thence over the inner retinal 
surface. From this layer of nerve fibres (o.m. in Fig. 9) 
threads run outward, through certain clear and granular 
layers, to an outcrinost stratum of little rods (7.) and fusiform 
bodies called cones (¢.), lying side by side. The whole of the 
retina consists of quite transparent matter, and 1t is this outer- 
most layer of rods and cones (7. and ¢.) that receives and 
records the visual impression. ‘This turning of the recipient 
ends away from the hght is hardly what one would at first 
expect—it seems such a roundabout arrangement—but it 
obtains in all vertebrata, and it 1s a striking point of companri- 
son with the ordinary invertebrate eye. 


§ 1138. We may pause to call the student’s attention to a 
httle pomt in the physiology of nerves, very happily illus- 
trated here. The function of a nerve fibre is the conduction 
of impressions pure and simple; the lght radiates through 
the fibrous layer of the retina without producing the slightest 
impression, and at the blind spot, where the rods and cones 
are absent, and the nerve fibres are gathered together, no 
visual impressions are recorded. Ii there is any doubt as to 
the existence of a blind spot in the retinal picture, the proof 
is easy. Let the readcr shut his left eye, and regard these 
two asterisks, fixing his gaze intently upon the left-hand one 
of them. 


% % 


At a distance of three or four inches from the paper, both 
spots will be focussed on his retina, the left one in the centre 
of vision, and the right one at some spot internal to this, and 
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he will see them both distinctly. Now, if he withdraw his 
head slowly, the right spot will of course appear to approach 
the left, and at a distance of ten or twelve inches it will, in 
its approach, pass over the blind spot and vanish, to reappear 
as he continues to move his head away from the paper. The 
function of nerve fibres is simply conduction, and the nature 
of the impressions they convey is entirely determined by the 
nature of their distal and proximal terminations, 


§ 114. Certain small muscles in the orbit (eye-socket) 
move the eye, and by their action contriLute to our perception 
of the relative position of objects. There is a leash of four 
muscles rising from a spot behind the exit of the optic 
nerve from the cranium to the upper, under, anterior, and 
posterior sides of the eyeball. These are the superior, inferior, 
anterior, and posterior rectt. Running from the front of 
the orbit obliquely to the underside of the eyeball 1s 
the ferior oblique muscle. Corresponding to it above 
is a superior oblique. A lachrymal gland hes in the 
postero-inferior angle of the orbit, and a Harderian gland 
in the corresponding position in front. In addition to 
the upper and lower eychids of the human subject, the 
rabbit has a third, the xetitating lid, in the anterior corner 
of the eye. 


§ 115. The ear (Sh. VII.) consists of an essential organ of 
hearing, and of certain superadded parts. The essential part 
is called the internal ear, and is represented in all the true 
vertebrata (7.¢., excluding the lancelet and its allies). In 
the lower forms it is a hollow membranous structure, em- 
bedded in a mass of cartilage, the otic capsule; in the 
mammal the latter is entirely ossified, to form the periotie bone. 
The internal ear consists of a central sac, from which three 
semicircular canals spring. The planes of the three canais 
are mutually at mght angles; two are vertical, the anterior 
and posterior (p.v.e.) vertical canals, and one is horizontal, 
the horizontal canal (f.c.). There are dilatations, called 
ampullae, at the anterior base of the anterior, and at the. 
posterior base of the posterior and horizontal canals. Indi- 
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rectly connected with the main sac is a spirally-twisted 
portion, resembling a snail shell in form, the cochlea. This 
last part is distinctive of the mammalia, but the rest of the 
internal ear is represented in all vertebrata, with one or two 
exceptions. The whole of the labyrmth is membranous, and 
contains a fluid, the endolymph; between the membranous 
wall of the labyrinth and the enclosing bone is a space con- 
taining the pertlymph. Strange as it may appear at first, the 
entire lining of the internal ear is, at an early stage, con- 
tinuous with the gencral epidermis of the animal. It grows 
in just asa gland might grow in, and is finally cut off from 
the exterior; but a considerable relic of this former com- 
munication remains as a thin, vertical blind tube (not shown 
in the figure), the ductus endolymphatieus. 


§ 116. The eighth nerve runs from the brain case ( C7.) 
into the periotic bone, and is distributed to the several por- 
tions of this labymnth. In an ordinary fish this internal 
ear 1s the sole auditory organ we should find; the sound- 
waves would travel through the water to the elastic cranium 
and so reach and affect the nerves. But in all air-frequent- 
ing animals this original plan of an ear has to be added to, to 
fit it to the much fainter sound vibrations of the compressible 
and far less elastic air. A ‘‘recelving apparatus’ is needed, 
and is supphed by the ear-drum, middle ear, or tympanic 
cavity (7.). In the mammal there is also a collecting ear 
trumpet (the ear commonly so-called), the external ear, 
and external auditory meatus (e.a.m.). <A tightly stretched 
membrane, the tympanie membrane, scparates this from the 
drum. A chain of small bones, the malleus (m.), the incus 
(v.), the os orbiculare (0.07.), a very small bone, and a 
stirrup-shaped stapes, swing across the tympanum, from the 
tympanic membrane to the internal ear. At two points the 
bony investment of this last 1s incomplete—at the fenestra 
rotunda( f-r.), and at the fenestra ovals (f.0.), into which latter 
the end of the stapes fits, and so communicates the sound 
vibrations of the tympanic membrane to the endolymph. A 
passage, the Eustachian tube, communicates between the 
tympanic cavity and the pharynx (PA.), and serves to equalize 
the pressure on cither side of the drum-head. A comparative 
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study of the ears of the vertebrata brings to hght the fact 
that, as we descend in the animal scale, the four ear ossicles 
are replaced by large bones and car tilages connected with the 
jaw, and the drum and Eustachian tube by a gill sht. We 
have, in fact, in the car, as the student will perceive in the 
sequel, an essentially aquatic auditory organ, added to and 
patched up to fit the new needs of a life out of water. 


§ 117. The impressions of smell are conducted through the 
first nerve to the brain, and are first received by special hair- 
bearing cells in the olfactory mucous membrane of the upper 
part of the nasal passage. The sense of taste has a special 
nerve in the ninth, the fibres of which terminate im special 
cells and cell aggregates in the little papillae (velvet pile- 
like processes) that cover the tongue. 


§ 118. At an early stage in development, the brain of a 
mammal consists of a linear arrangement of three hollow 
yeccles ic? 6. oh. VIET 1. 2, and 3), which are the fore-, 
mid-, and hind-brain respectively. The cavities in these 
vesicles are continuous with a hollow running through the 
spinal cord. On the dorsal side of the fore-brain 1s a structure 
to be dealt with more fully later, the pineal gland ( p.g.), 
while on its under surface is the prturtary body (pt.). 


§ 119. The lower figure of (5) shows, in a diagrammatic 
manner, the derivation of the adult brain from this primitive 
state. From the fore-brain vesicle a hollow outgrowth on 
cither side gives rise to the (paired) cerebral hemisphere (¢.h.), 
which is prolonged forward as the olfactory lobe (0.d.). From 
the fore-brain the retina of the eye and the optic nerve also 
originate as an, at first, hollow outgrowth (op.). The roof of 
the mid-brain is also thickened, and bulges up to form two 
pairs of thickenings, the corpora quadrigemina, (¢.g.). The 
hind-brain scuds up in front a median outgrowth, which 
develops lateral wings, the cerebellum (cdm.), behind which 
the remainder of the bind-brain 1s called the medulla oblon- 
gata, and passes without any very definite demarcation into 
the spinal cord. 
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§ 120. Fig. 1 1s a corresponding figure of the actual state 
of affairs in the adult. ‘The brain is seen in median vertical 
section. ch. is the right cerebral hemisphere, an inflated 
vesicle, which, in the mamma 
reaches back over the rest of the fore-brain, and also over the 
mid-brain, and hides these and the pineal gland in the dorsal 
view of the brain (Fig. 2). The hollow of the hemisphere 
on either side communicates with the third ventricle, the 
original cavity of the fore-brain (1 in Fig. 5), by an aperture 
(the foramen of Monro), indicated by a black arrow (f-4L). 
Besides their original communication through the mtermedia- 
tion of the fore-brain, the hemispheres are also united above 
its root by a broad bridge of fibre, the corpus callosum (ce.c.), 
which its distinctive of the mammalian animals. The original 
fore-brain vesicle has its lateral walls thickened to form the 
optic thalami (o.th.), between which a middle commissure, 
(m.c.), absent in lower types, stretches like a great beam 
across the third ventricle. The original fore-braim is often 
called the thalamencephalon, the hemisphere, the prosencepha- 
lon, the olfactory lobes, the rhineneephaton. 





§ 121. The parts of mid-brain (mesencephalon) will be 
easily recognised. Its cavity isin the adult mammal called the 
ater ; its floor is differentiated into bundles of fibres, the erura 
cerebri (e. cb.), figured also in Fig. 4. 


§ 122. The cerebellum (metencephaton) consists of a central 
mass, the vermis (v. cbm.), and it also has lateraé lobes (1.1.), 
prolonged into floceuli ( f.cbm.), which lastare bedded im pits in 
the periotic bone, and on that account render the extraction of 
the brain from the cranium far more difficult than it would 
otherwise be. The roof of the hind-brain, before and 
behind the cerebellum, consists of extremely thin plates of 
nervous matter. Its floor 1s greatly thickened to form the 
mass of the medulla, and in front a great transverse track of 
fibres 1s specialized, the pons Varolit (p.V.). Its cavity is 
called the fourth ventricle. 


§ 123. Fig. 2 gives a dorsal view of the rabbit’s brain; a 
horizontal slice has been taken at the level of the corpus 
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callosum. The daterad ventricle (7.e., the hollows of the hemi- 
sphere) is not yet opened. A lower cut (Fig. 3) exposes this 
(V.L.). The level of these slices is approximately indicated 
in Fig. 1 by the lines dand 2. This latter figure will repay 
careful examination. The arrow, ar., plunges into the third 
ventricle, behind the great middle commissure (m.e.), and the 
barb is supposed to lic under the roof of the mid-brain, the 
corpora quadrigemina (¢.g.). The position of ar. is also indi- 
catedin Fig. 1. Before reading on, the beginner should stop 
a while here; he should carefully copy or trace our figures, 
and, putting the book aside, name the parts, and he should 
then recopy, on an enlarged scale, and finally draw from 
memory, correct, and again draw. By doing this before the 
brain is dissected a considerable saving of time is possible. 


§ 124. Proceeding from the brain are twelve pairs of 
cranial nerves. [from the fore-brain spring two pairs, 
which differ from the rest of the cranial nerves in being, first 
of all, hollow outgrowths of the brain—the others are from 
the beginning solid. The first nerve is the olfactory lobe, 
which sends numerous filaments through the ethmoid bone 
to the olfactory organ. The second 1s the optic nerve, the 
visual sensory nerve. 


§ 125. The mid-brain gives rise to only one nerve, the 
third, which supplies: all the small muscles of the eye (see 
§ 114), except the superior oblique and external rectus. 


§ 126. The remainder of the nerves spring from the hind- 
brain. The fourth pair supply the superior obliques, and 
the sexth the external recti; so that III., IV., and VI. are 
alike purely motor nerves, small and distributed to the orbit. 
The fifth nerve, the tregemmal, is a much larger and more 
important one; it 1s a mixed nerve, having three main 
branches, of which the first two are chiefly sensory, the third 
almost entirely motor; it les deeply in the orbit. V, (sce 
Sh. [X.) runs up over the recti behind the eyeball, it is the 
ophthalme branch; V,, the maxillary branch, runs deeply 
under the eyeball and emerges in front of the malar, and V,, 
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the mandibular branch, runs down on the ¢nner side of the 
jawbone to the jaw muscles and tongue. 


§ 127. If the student will now recur to the figures of the 
dog’s skull (Sh. VI.), he will see certain apertures indicated in 
the cranial wall. Of these, 0.f. is the optie foramen tor the 
exit of nerve II., perforating the orbito-sphenoid. Behind 
this there comes an irregular aperture, f./.a., the foramen 
lacerum antertus, giving exit to III., IV., VI., and V,. V, 
emerges from the foramen rotundum, and V, from the foramen 
ovale, two apertures uniting behind a bony screen.* Just in 
front of the bulla is a foramen lacerum medium ( f.L.4AL), through 
which no nerve passes. 


§ 128. The eeghth nerve (auditory) is purely sensory, the 
nerve of the special sense of hearing; 1t runs into the peri- 
otic bone, and breaks up on the labyrmth. The seventh 
nerve ( facral) is almost entirely motor ; 1t passes through the 
periotic anterior to VIII., and emerges by the stylo-mastoid 
Joramen (s.m.f.) behind the bulla, to run outside the great jaw 
muscle across the cheek immediately under the skin (Fig. 1). 


§ 129. The ninth (glossopharyngeal) nerve 1s chiefly sensory ; 
itis the special nerve of taste, and is distributed to the tongue. 
The tenth nerve (vagus) arises by a number of roots, and 
passes out of the skull, together with LA. and XI. by the 
Joramen lacerum posterius (fil.p.). Itis a conspicuous white 
nerve, and runs down the neck by the side of the common 
carotid artery. It sends a supervor laryngeal branch (Xa) to 
the larynx. The left vagus passes ventral to the aortic arch, 
and sends a branch (/.7.6.) under this along the trachea to 
the larynx—the recurrent laryngeal nerve. The corresponding 
nerve ou the right (7.2.6.) loops under the subclavian artery. 
The main vagus, after this branching, passes behind the heart 
to the oesophagus and along it to the stomach. XI., the 
spinal accessory, supplies certain of the neck nerves. XILI., 


* In the rabbit’s skull thef.l. anterius, the foramen rotundum, and 
foramen ovale are not distinct, and there are two condylar foramina 
instead of one, through each of which a moiety of XII. passes. 
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the hypoglossal, runs out of the skull by the condylar foramen 
(c.f.), 1s motor, erosses the roots of XI., X., and IX., passes 
ventral to the earotid, and breaks up among the muscles of 
the tongue and neck. 


§ 130. Of the functions of the several parts of the brain 
there 1s still very considerable doubt. With disease or wilful 
destruetion of the cerebral tissue the personal initiative is 
atfeeted—the animal beeomes more cistinetly a mechanism ; 
the eerebellum is probably eoneerned in the coordination of 
museular movements; and the medulla is a centre for the 
higher and more eomplieated respiratory reflexes, yawning, 
coughing, and so on. The great majority of reflex actions 
eentre, however, in the spinal cord, and do not affect the 
brain. 


131. A cross section of the spinal cord is shown in 
Fig. 6, Sh. VIII. It is a cylinder, almost biseeted by a 
dorsal (d.f.) and a ventral (v,f.) fissure. Through its centre 
runs a eentral eanal (¢.¢.), continuous with the brain ventrieles, 
and lined by ciliated epithelium. The spinal cord consists of 
an outer portion, mainly of nervous fibres, the white matter, 
and of inner, ganglionated, and more highly vascular grey 
matter. (In the cerebrum the grey matter is external, and 
the white internal.) The eord, like the brain, is surrounded by 
a vascular fibrous investment, and proteeted from eoneussion 
by a serous fluid. The nerves which emerge from the verte- 
bral column between the vertebrae, arise, unlike the eranial 
nerves, by two roots. The dorsal of these, the sensory root 
(d.n.), has a swelling upon it, the dorsal ganglion, and—by 
experiments upon Lying animals—has been shown to contain 
only afferent fibres ; the ventral, the motor root, is without a 
eanglion, and entirely or mainly motor. The two unite out- 
side the eord, and thcreafter the spinal nerves are both 
sensory and motor. 





§ 132. Besides the great mass of brain and spinal cord 
(cerebro-spinal axts), there is, on either side of the dorsal wall 
of the body eavity, a sympathetic nervous chain. The 
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nerve fibres of this system, like the nerve fibres of inverte- 
brates, are non-medullated. Jt may be seen as a greyish 
thread running close by the common carotid in the neck 
(sym., Fig. 1); 1t then runs over the heads of the ribs in the 
thorax and close beside the dorsal aorta in the abdominal 
region. In the anterior region of the neck it dilates to form 
a supertor cervical ganglion, and opposite the first rib 1t forms 
an inferior cervical ganglion. Thence, backwards, there 1s a 
canglion on each sympathetic chain opposite each spinal nerve, 
and the two exchange fibres through a thread, the ramus 
communicans. To the sympathetic chain 1s delegated much 
of the routine work of reflex control of the bloodvesscls and 
other viscera, which would otherwise fall upon the spinal 
cord. 


133. There are cight cervical (spinal) nerves, one in 
front of the atlas, and one behind each of the cervical verte- 
brace. The last four and the first thoracic (spinal) contribute 
to a leash of nerves running out to the fore limb, the brachial 
plecus ( plexus, literally network, but here meaning a plaited 
cord). The fourth cervical also sends down a phrenie nerve 
(p.n., Fig. 1), along by the external jugular vein and the 
superior caval vein to the diaphragm. ‘The last three lumbar 
and the sacral nerves form a sacral plexus, supplying the 
hind limb. 


§ 1384. From the sympathetic in the hinder region of the 
thorax a nerve, the great splanchnic nerve, arises, and runs 
back to a ganghonated nervous network, just behind the 
cocliac artery, into which the vagus also enters; this is the 
coeltac ganglion, and together with a similar supertor mesenteric 
ganglion around the corresponding artery, males up a sub- 
sidiary visceral nervous network, the solar plexus. <A 
similar and smaller nervous tangle, bearing an ?tnferior 
mesenteric ganglion, lies near the inferior mesenteric artery. 


§ 135. Finally, we may note the pineal gland and the 
pituitary body, as remarkable appendages above and below 
the thalamencephalon. Their function, 1f they have a 
function, 1s altogether unknown. Probably, they are in- 
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herited from ancestors to whom they were of value. Such 
structures are called reduced or vestigial structures, andl 
among other instances are the clavicles of the rabbit, the hair 
on human limbs, the little pulpy nodule in the corner of the 
human eye, representing therabbit’sthird eyelid, and thecaudel 
vertebrae at the cnd of the human spinal column. In certain 
lowly reptiles, in the lampreys, and especially in a peculiar 
New Zealand lizard, the pineal gland has the most convincing 
resemblance to an eye, both in its general build and in the 
microscopic structure of its elements : and it seems now more 
than probable that this httle vascular pimple in our brains is 
a relic of a third and median cye possessed by ancestry al 
vertebrata. The pituitary body is probably equivalent to a 
ciliated pit we shall describe in the lancelet (-lmphioxus). 
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VIII. Renal and Reproductive Organs. 


§ 136. We have now really completed our survey of the 
individual animal’s mechanism. But no animal that was 
merely complete in itself would be long sanctioned by nature. 
For an animal species to survive, there must evidently, also, 
be proper provision for the production of young, and the pre- 
servation of the species as well as of the individual. Hence 
in an animal’s physiology and psychology we meet with a 
vast amount of wnselfish provision, and its structure and 
happiness are more essentially dependent on the good of its 
kind than on its narrow personal advantage. The mammalia 
probably owe their present dominant position in the animal 
kingdom to the exceptional sacrifices made by them for their 
young. Instead of laying eggs and abandoning them before 
or soon after hatching, the females retain the eggs within 
their bodies until the development of the young is complete, 
and thereafter associate with them for the purposes of 
nourishment, protection, and education. In the matter of 
the tail, for imstance, already noted, the imdividual rabbit 
incurs the disadvantage of conspicuousness for the rear, in 
order to further the safety of the young. 


S137. The female organs of reproduction are 
shown in Sh. X. The essential organ is the ovary (ov.) in 
which the ova (eggs) are formed. Jig. 3 gives an enlarged 
and still more diagrammatic rendering of the ovary. There 
is a supporting ground mass, or stroma, Into which numerous 
blood-vessels and nerves enter and break up. The ova appear 
first as small cells in the external substance of the ovary (as 
at 1), and move inward (2 and 3), surrounded by a number 
of sister cells, which afford them nourishment. At (4) an 
ovum with its surrounding group of cells is more distinct and 
near the centre of the ovary; a fluid is appearing within the 
ovisae as the development proceeds. (5) 18a much more 
mature ovisac or Graafian follicle. The ovum (ov.), is now 
large, and its nucleus and nucleolus (the germinal vesicle and 
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spot) are very distinct. The wall of the follicle consists, in 
the mammal, of several layers of cells, the membrana granu- 
losa (or ‘‘ granulosa ”’ simply); the ovum lies on its outer side 
embedded in a mass of cells, discus proligerus, separated from 
actual contact with the ovum by a zona pellucida. The 
ripening follicle moves to the surface of the ovary and bursts, 
and the ovum falls mto the body cavity. In Fig. 2, a ripe 
Graafian follicle (G.Z".), projects upon the ovary. 


§ 139. The lhberated ovum is caught up by the funnel- 
shaped opening of the Fallopian tube, which passes without 
any very conspicuous demarcation into the cornu uteri (¢.wt.) 
of its side; the two uterine cornua mecting together in the 
middle lne form the vagina (V.), which runs out into a ves- 
tibule (vd.) opening between tumid lips to the exterior. The 
urinary bladder (ur.b.) also opens into the vestibule, and 
receives the two ureters from the kidney. 


S140. In the male we find, in the position of the female 
uterus, a uterus masculinus (u.m.). The essential sexual 
organ is the testes (Z.), a compact mass of coiling tubuli, which 
opens by a number of ducts, the vasa efferentia, nto a looser 
and softer epididymis (ep.), which sends the sexual product 
onward through a vas deferens (v.d.), to open at the base of the 
uterus masculinus. The urmary bladder and ureters corre- 
spond with those of the female, and the common urogenital 
. duct (= vestibule), the wrethra, is prolonged into an erectile 
penis (P.), surrounded by a fold of skin, the prepuce. A 
prostate gland (pr.) contributes to the male sexual fluid. 
The character of the essential male element, the spermatozoon, 
and the general nature of the reproductive process, will be 
conveniently deferred until the chapters upon development 
are reached. 


IX. Classificutory Points. 


§ 141. The following facts of classificatory importance may 
now be considered, but their full foree will be better appre- 
ciated after the study of other vertebrate types. They are 
such as come prominently forward in the comparison of the 
rabbit with other organisms. 


§ 142. In the first place, the rabbit 1s a mctazoon, one of 
the mctazoa, 7.¢e., a multicellular organism, as compared with 
the amoeba, which bclongs to the protozoa or one-cell animals 
(§ 55). In the next place, it is externally delaterally symme- 
trical, its parts balance, and where, in its internal anatomy, it 
departs from this symmetry (as in the case of the aorta, the 
stomach and intestines, and the kidneys), the departure has 
an appearance of being the results of partial reductions and 
distortions of an originally quite symmetrical plan. And the 
facts of development strengthen thisidea; in the very carliest 
stages we have paired aortic arches, of which the left only 
remains, a straight alimentary canal, and less asymmce- 
trical kidneys. In the vast majority of animals the same 
bilateral symmetry is to be seen, but in the star-fish and 
sea-urchins, and in the jelly-fish, corals, sea anemones, and 
hydra, the general form of the animal is, instead, arranged 
round a centre, hke a star and its rays, and the symmetry 
is called radial. 


§ 143. We also see in various organs of the rabbit, and 
especially in the case of the limbs and vertebral column, 
what is called metamenze segmentation, that 1s, a repetition of 
parts, one behind the other, along the axis of the body. Thus 
the bodics and arches of the vertebrae repeat cach other, and 
so do the spmal nerves. The renal organ of the rabbit, some 
time before birth, displays a mectameric arrangement of its 
parts; but this disappears, as devclopment proceeds, into the 
compact kidney of the adult. But the metamcric segmenta- 
tiop. in the rabbit’s organism is not nearly so marked as that 
of an carthworm, for instance, which is visibly a chain of 
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rings. If the student wants a perfect figure of metameric 
segmentation he should think of a train of precisely similar 
carriages, or a string of beads. One bead, one carriage, one 
vertebra, would be a metamere. 


§ 144. In contrast tometameric segmentation 1s the antimeric 
repetition of radial symmetry (§ 142), in which each ray of 
the star is called an antimere. It is possible to have bilateral 
symmetry without a mctameric arrangement of parts, as in 
the musscl and the cuttle-fish; but metameric segmentation 
without complete or reduced bilateral symmetry docs not 
occur. 


§ 145. We are now im a position to appreciate the fact that 
the old and more popularly known division of animals into 
vertebrata and invertebrata scarcely represents the facts of 
the case, that the primary division should be into protozoa 
and metazoa, and that the vertebrata are one of several 
groups of metazoa with a fundamental bilateral symmetry 
and imperfect metameric segmentation. 


The rabbit is one of the vertebrata, and, in common with 
all the other animals collected under this head, 1t has 


(a) A skeletal axis (the vertebral column) between tts 
central nervous system and its body cavity. In the 
adult rabbit this consists of a chain of vertebrae, 
but in the embryo (7.e., the young rabbit before 
birth) it 1s represented by a continuous chord, 
the notochord, and it remains as such in some of 
the lowest vertebrata throughout life. In other 
words, in these lower vertebrata, the vertebral 
axis is not metameriec. 


(b) A dorsal and TUBULAR nervous axis (§ 1381, the central 
canal). 


(ce) It has, though in the embryo only, certain slits 
between the throat and the exterior, like the g7ll 
slits of a fish. Such shts are—with one or two 
remarkable exceptions outside the sub-kingdom— 
distinctly vertebrate features, and remain, of 
course, in fishes throughout life. 
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The presence of true cartilage and bone mark a vertebrate, 
but vertebrata occur in which bone 1s absent. 


§ 146. The rabbit shares the following features with all 
the vertebrata, except the true fishes, which do not possess 
any of them— 

(a) Lungs (but many fish have a swimming bladder 
which answers to the lungs in its anatomical 
rclations). 

(6) Limbs which consist of a proximal joint of one bone, an 
rntermediate part of two, and a distal portion which 
has five digits, or vs evidently a reduced form of the 
five-digit limb.* 

(e) The absence of a median fin supported by fin rays.t 


§ 147. The rabbit shares the following features with all 
the vertcbrata above the fishes and amphibia (= frogs, toads, 
newts, &¢.)— 

(a) Absence of gills (not gill slits, note) at any stage in 
development. 

(b) An amnion, and 

(ec) An allantois in development. 

The meaning of (0) and (¢) we shall explain to the student 
in the chapters on embryology. We simply mention them 
here to render our table complete. 


§ 148. The rabbit shares with all mammals, and differs 
from all other vertebrata (7.¢., birds, reptiles, amphibia, and 
fishes), in haying— 

(a) Lair. 

(b) A diaphragm. 

(¢) Only one aortie areh, and that on the left sede of the 
body. 

(d@) Its young born alive. (But two very reptile-like 
mammals of Australia, the duck-billed platypus 
and the echidna, lay eggs, and cestain fish and 
reptiles bear living young.) 

* ‘lhe frog shows indications of a sixth digit. 
7 The froe’stadpole has a median fin, but no fin rays. 
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(e) Epiphyses to its vertebral centra.* 
(f) The cerebral hemispheres covering the mid-brain. 
(7) Corpora quadrigemina instead of bigemina. 
(h) A corpus callosum. 
(7) A spirally coiled cochlea to the internal ear. 
(In respect to A and ¢ also, the echidna and platypus are 
scarcely mammalian.) 


§ 149. The rabbit, together with the hares and conies, 
rats and micc, voles, squirrels, beavers, cavies, and guinea- 
pigs, is included in that order of the class of mammals which 
is called the rodentia, distinguished by the character of the 
incisor teeth from other orders of the class. 





* But certain mammals have no such epiphyses. 


X.—Questions and Exercises. 


1. Describe the venous circulation of the rabbit (with 
diagrams). Compare a vein and artery. Compare the distri- 
bution of the great venous trunks with that of the arterial 
system. 

2. Construct a general diagram of the circulation of the 
rabbit, to show especially the relation of the portal system, 
the lymphatics and lacteals, and the renal circulation, to the 
main blood current. 

3. Draw the alimentary canal of the rabbit from memory. 

4, What is a villus? Describe its epithelium, and the 
vessels within it. Write as explicit an account as you can of 
the absorbent action of a villus. 

5. Tabulate the alimentary secretions, and their action on 
the food. 

6. What is botryoidal tissue? Where does it occur? 
What is known of its functions ? | 

7. Copy Diagram I. (enlarged), and insert upon it the 
visceral nerves as far as you can. 

8. What are the most characteristic pomts in the mam- 
malian yertebral column ? 

9. Describe cartilage and bone, and compare them with 
one another. 

10. Give an account of the amoeba, and compare it with 
a typical tissue cell in a metazoon (e.g., the rabbit). 

11. Give a general account of connective tissue. What 
is tendon ? 

12. Trace, briefly, the increased modification of tissues in 
the vertebrata. 

13. Describe, with diagrams, the structure of blood. State 
the function of each factor you describe. 

14. Compare the pectoral with the pelvic limb and 
girdle. What other structures of the adult rabbit display a 
similar repetition of similar parts ? } 
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15. Druw from memory typical vertebrae from each region 
of the vertebral column. 

16. What are bilateral symmetry and metameric segmen- 
tation ? 

17. Give a schedule of distinctive mammalian features. 

18. Describe the rabbit’s brain (with diagrams). 

19. Give a list of the cranial nerves of the rabbit, and 
note their origin in the brain. 

20. Give a list of the nerve apertures of the dog’s skull. 

21. What are the chief anatomical differences between a 
typical cranial, a spinal, and a sympathetic nerve ? 

22. Describe and figure the distribution of nerves V., 
Wal er Alea 

23. Describe the muscles, glands, and nerves of the orbit 
of the rabbit. 

24. Describe, with figures, the cye of the rabbit. 

25. Give a diagram of the rabbit’s enternal ear. 

26. Draw and describe the ear ossicles. What is their 
function ? 

27. Draw and state the precise position of the hyoid bone, 
the clavicle, the calcaneum, and the olecranon process. 

28. Describe, as accurately as possible, the position of 
palatine bones, pterygoids, the ethmoid bone, the pre- and 
basi-sphenoids, in the dog’s skull. 

29. What is membrane bone? What is cartilage bone? 
Discuss their mutual relationship. 

30. What is an excretion? What are the chief excretory 
products of an animal? How are they removed ? 

81. Describe the minute anatomy of the liver. Give a 
general account of 1ts functions. 

32. Describe the minute anatomy of the kidney, and the 
functions of the several parts. 

83. What is ciliated epithelium? Where does it occur 
in the rabbit ? 

34. Describe the mechanism of respiration. What is the 
relation of respiration to the gencral life of the animal? 

85. What are the functions of the skin? Deseribe its 
structure. 

36. What is a secretion? ‘Tabulate and classify secretory 
organs. What is a goblet cell? 
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37. Draw, from memory, the dorsal and ventral aspects 
of, and a median section through, a dog’s skull. 

38. Name any structures that appear to you to be vestiges 
or rudiments, 7.ée., structures without adequate physiological 
reason, in the rabhit’s anatomy. 

39. How are such structures interpreted P 

40. Describe the structure of striated muscular fibre. 
Describe its functions, and the various means by which they 
may be called into activity. 

41. Describe the characters and structure of the blood of 
the rabbit. What is the lymphatic system? Describe its 
relation to the blood system in a mammal. 

42. Describe the structure of (a) blood, (6) hyaline carti- 
lage, (¢) bone, in the rabbit; (d) poimt out the most 
important resemblances and differences between these tissues ; 
(e) state what you know of the development of the same 
tissues. 

43. Draw diagrams, with the parts named, of the male 
and female generative organs of the rabbit. 

44. In the rabbit provided dissect on one side and demon- 
strate by means of flag-labels the main trunk of the vagus 
nerve, the phrenic nerve, and the recurrent laryngeal nerve. 

45. Dissect the rabbit provided so as to expose the 
abdominal viscera. Mark with flag-labels the duct of the 
pancreas, the ureters, and the oviducts or the sperm ducts (as 
the case may be). 


| Many of the above questions were actually sct at London 
University Examinations in Biology. | 


THE FROG. 


I.— General Anatomy. 
§ 1. We will now study the adult anatomy of the frog, 


and throughout we shall make constant comparisons with 
that of the rabbit. In the rabbit we have a distinctly land- 
loving, burrowing animal; it eats purely vegetable food, and 
drinks but little. In the frog we have a mainly insectivorous 
type, living much in the water. This involves the moister 
skin, the shorter alimentary canal, and the abbreviated neck 
(Rabbit, § 2) of the frog; the tail is absent—in a fish it 
would do the work the frog aecompHshes with his hind legs— 
and the apertures which are posterior in the rabbit, run 
together into one dorsal opening, the cloava. There is, of 
course (Rabbit, § 4), no hair, the skin is smooth, and an 
external ear is also absent. The remarkable looseness of the 
frog’s skin is due to great lympli spaces between it and the 
body wall. 


§ 2. If we now compare the general anatomy of the 
frog (vide Sh. XI.) with that of the rabbit, we notice that 
the diaphragm 1s absent (Rabbit, § 4), and the body cavity, 
or co¢lom, 1s, with the exception of the small bag of the peri- 
cardium round the heart, one continuous space. The forked 
tongue is attached in front of the lower jaw, and can be 
flicked out and back with great rapidity in the capture of 
the small insects upon which the frog lives. The posterior 
nares open into the front of the mouth—there is no long 
nasal chamber, and no palate, and there is no long trachea 
between the epiglottis and the lungs. The oesophagus is 
less distinct, and passes gradually, so far as external appear- 
ances go, into the bag-hke stomach, which is much less 
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inflated and transverse than that of the rabbit. The duo- 
denum is not a U-shaped loop, but makes one together with 
the stomach; the pancreas lies between 1t and the stomach, 
and is more compact than the rabbit’s. There is no separate 
pancreatic duct, but the bile duct runs through the pancreas, 
and receives a series of ducts from that gland as it does so. 
The ileum is shorter, there 1s no sacculus rotundus, and the 
large intestine has no caccum, none of the characteristic 
sacculations of the rabbit’s colon, and does not loop back 
to the stomach before the rectum section commences. The 
anus opens not upon the extcrior, but into a cloacal chamber. 
The urmary and genital ducts open separately into this 
cloaca, and dorsally and posteriorly to the anus. The so- 
called urinary bladder is ventral to the intestine, in a position 
answering to that of the rabbit, but 1t has no connection with 
the ureters, and it 1s two-horned. 


§ 3. The spleen is a small, round body, not so intimately 
bound to the stomach as in the rabbit, but in essentially the 
same position. 


§ 4. Much that we know of the physiolegy of the frog is 
arrived at mainly by inferences from our mammalian know- 
ledge. Its histologyis essentially similar. Ciliated epithelium 
is commoner and occurs more abundantly than in the rabbit, in 
the roof of the mouth for instance, and its red blood corpuscles 
are much larger, oval, and nucleated. 


§ 5. The lungs of the frog are bag-like; shelves and 
spongy partitions project into their cavities, but this structure 
is much simpler than that of the rabbit’s lung, in which the 
branching bronchi, the imperfect catilaginous rings sup- 
porting them, alveoli, arteries and ves, form together a 
quasi-solid mass. 


S 6. The mechanism of respiration is fundamentally 
different from that of the mammal. The method 1s as fol- 
lows :—-The frog opens its anterior nares, and depresses the 
floor of the mouth, which therefore fills with air. The 
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anterior nares are then closed, and the floor of the mouth rises 
and forces the air into the lungs —-the frog, therefore, swallows 
its air rather than inhales it. The respiratory instrument of 
the rabbit is a suction pump, while that of the frog is a 
‘buccal force pump.” 


§ 7. The heart is not quadrilocular (2.¢., of four chambers), 
but trilocular (of three), and two structures not seen in 
Lepus, the truncus arteriosus and the sinus venosus, 
into the latter of which the venous blood runs before entering 
the right auricle, are to be noted. The single ventricle is 
blocked with bars of tissue that render its interior not an 
open cavity but a spongy mass. Fig. 2, Sh. XI., shows the 
heart opened; é.aw. and v.aw. are the left and nght auricles 
respectively ; the truncus arteriosus is seen to be imperiectly 
divided by a great longetudino-spiral valve (L.s8.v.) 3 .¢e. 18 the 
pulmo-cutaneous artery supplying skin and lungs; d.ao. the 
dorsal aorta furnishing the supply of the body and limbs; and 
c.a. the carotid artery gomg to the head; all of which vessels 
(cp. Fig. 1) are paired. 

S 8. It might be infcrred from this that pure and impure 
blood mix in the ventricle, and that a blood of uniform quality 
flows to lungs, head, and extremities; but thisisnotso. The 
spongy nature of the ventricle sufficiently retards this mixing. 
It will be noted that the opening of pulmonary arteries les 
nearest to the heart, next come the aortic and carotid arches, 
which have a common opening at 4. Furthermore, at e.g. 
the carotid artery, repeatedly divides to form a close meshwork 
of arterioles, the caroted gland, forming a sponge-like plug in 
this vessel. Hence the pulmonary arteries yawn nearest for 
the blood, and, being short wide vessels, present the least 
resistance to the first rush of blood—mainly venous blood 
from the right auricle. As they fill up, the back resistance 
in them becomes equal, and then ercater, than the resistance 
at 4, and the rush of blood, now of a mixed quality, passes 
through the aperture. It selects the dorsal aorta, because 
the carotid arch, plugged by the carotid gland, offers the 
greater resistance. Presently, however, the back resistance 
of the filled dorsal aorta rises above this, and the last flow of 
blood from the ventricular systole—almost purely oxygenated 
blood from the left auricle—goes on towards the head. 
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§ 9. At the carotid gland the carotid artery splits into a 
lingual (e.c.) and a deeper internal carotrd (7.c.). The dorsal 
aorta passes round on each side of the oesophagus, as 
indicated by the dotted lines in Figure 2, Sh. XI., and meets 
its fellow dorsal to the liver. Each arch gives off subclavian 
arteries to the limbs, and the left, immediately before meeting 
the right, gives off the cocliaco-mesenteric artery to the 
alimentary canal. This origin of the cocliaco-mesenteric 
artery a little to the left, 1s the only asymmetry (want of 
balance) in the arterial system of the frog, as contrasted with 
‘the very extensive asymmetry of the great vessels near the 
heart ofthe rabbit. Posteriorly the dorsal aorta forks into two 
common iliac arteries (right and left) supplying the hind limbs. 


§ 10. Figure 8 gives a side view of the frog, to display 
the circulation. The venous return to the heart, as in the 
rabbit, 1s by paired venae cavae anteriores and by a single 
vena cava inferior. The factors of the anterior cava on either 
side are an external gugular (ex.J.) an innominate vein (77.v.) 
and a subclavian (sc/.v.). The last receives not only the 
brachial vein (6.v.) from the fore hmb, but also a large vein 
bringing blood for the skin, the cutaneous (p.v.). The 
innominate vein has also two chief factors, the ¢nternal 
gugular (lt.g.v.) and the subscapular (s.s.v.). The blood 
returns from each hind limb by a sevatie (l.se.) or femoral 
(fm.) vein, and either passes to a renal portal vein (Lr.p.), 
which breaks into capillaries mn the kidney, or by a paired 
pelvic vein (/.p.v. in Figs. 1 and 3) which meets its fellow in 
the middle line to form the anterior abdominal vein (a.ad.v.) 
going forward and uniting with the (median) portal vein (p.v.) 
to enter the liver. Comparing with the rabbit, we would 
especially call attention to the fact that the vena cava inferior 
extends posteriorly only to the kidney, and that there is a 
renal portal system. The blood from the hind limbs either 
flows by the anterior abdominal vein to the portal vein and 
liver, or it passes by the renal portal vein to the kidney. 
There the vein breaks up, and we find in the frog’s kidney, 
just as we find im the frog’s and rabbit’s liver, a triple system 
of (a) nutritive arterial, (4) afferent* venous, and (c) efferent* 
venous vessels. 


“a, ad = to; e, ex = out of. 
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§ 12. The lymphatic system is extensively developed 
in the frog, but, n the place of a complete system of distinetly 
organized vessels, there are great lymph sinuses (cp. § 1). In 
Figure 5, Sh. XII., the position of two lymph hearts (/./., 
i.h.), which pump lymph into the adjacent veins, is shown. 


§ 13. The skull of the frog will repay a fuller treatment, 
and will be dealt with by itself later. The vertebral 
column (Sh. AIT.) consists of nine vertcbrac, the centra of 
which have faces, not flat, but hollow in front ( pro-coelous), 
and evidently without epiphyses (cp. the Rabbit). The an- 
terior 1s sometimes called the atlas, but it is evidently not the 
homologue of the atlas of the rabbit, since the first spinal nerve 
has a corresponding distribution to the twelfth cranial of 
the mammal, and since, therefore, 1t is probable that the 
mammalian skull = the frog’s skull + one (or more) vertcbrae 
incorporated with it. Postenorly the vertebral column ter- 
minates in the wrostyle, a caleificd unscgmented rod. The 
vertebrae have transverse processes, but no ribs. 


§ 14. The fore-limb (Fig. 6, Sh. XII.) consists of an upper 
seement of one bone, the Awrerus, as in the rabbit; a middle 
section, theradius and u/na, fused here into one bone, and not, 
as in the mammalian type, separable ; of a carpus, and of five 
digits, of which the fourth is the longest. The shoulder 
eirdleis more important and complete than that of the higher 
type. There isa scapula (se.) with an unossified cartilaginous 
supr. scapula (s.sc.); the antcrior border of the scapula 
answers to the acromion. On the ventral side a cartilaginous 
rod, embraced by the clavicle (¢e/.) (a membrane bone in this 
type), runs to the sternum, and answers to the clavicle of the 
rabbit. In the place of the rabbit’s coracoid process, is a 
coracoid bone (¢o.), which reaches from the glenoid cavity to 
the sternum; it is hidden on the right side of Fig. 6, which 
is a dorsal view of the shouldcr girdle. There is a pre- 
omosternum (o.st.) and a post-omosternum, sometimes termed 
a xiphisternum (a.). 


§ 15. Fig. 7 shows the pelvic girdle and limb of the 
frog. There is a femur (f.); tibia and fibula (¢. and f) are 
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completely fused; the proximal bones of the tarsus, the 
astragalus (as.), and calcaneum (cal.) are elongated, there are 
five long digits, and in the calcar (¢.) an indication of a sixth. 
With considerable modifications of form, the three leading 
constituents of the rabbit’s pelvic girdle occur in relatively 
identical positions. The greatly elongated ihum (2/.) articulates 
with the sengle (cp. Rabbit) sacral vertebra (s.v. in Fig. 5). 
The zschiwm (¢s.) 1s relatively smaller than in the rabbit, and 
the pubis (pu.) 1s a ventral wedge of unossified cartilage. 
The shape of the pelvic girdle of the frog 1s a wide departure 
from that found among related forms. In connection with 
the leaping habit, the ila are greatly elongated, and the 
pubes and ischia much reduced. Generally throughout the 
air-frequenting vertebrata, we find the same arrangement of 
these three bones, usually in the form of an inverted Y—the 
ium above, the ischium and pubis below, and the acetabulum 
at the junction of the three. 


§ 16. The uro-genital organs of the frog, and especially 
those of the male, correspond with embryonic stages of the 
rabbit. In this sex the testes (7., Sh. XIII.) lie in the body 
cavity, and are white bodies usually dappled with black pig- 
ment. Vasa efferentia (v.e.) run to the internal border of the 
anterior part of the kidney, which answers, therefore, to the 
rabbit’s epididymis. ‘The hinder part of the kidney 1s the 
predominant renal organ. ‘l'here is a common uro-genital 
duct, into which a seminal vesicle, which is especially large 
in early spring, opens. ‘This is the permanent condition of 
the frog. In the rabbit, for urogenital duct, we have ureter 
and vas deferens; the testes and that anterior part of the 
primitive kidney, the epididymis, shift back into the scrotal 
sacs, and the ureters shift round the rectum and establish a 
direct connection with the bladder, carrymg the genital 
ducts looped over them. The oviducts of the female do 
not fuse distally to form a median vagina as they do in the 
rabbit. In front of the genital crgan in both sexes is a 
corpus adiposum (¢.ad.), which acts as a fat store, and 1s 
peculiar to the frogs and toads. The distal end of the 
oviduct of the female is in the breeding season (early March) 
enormously distended with ova, and the ovaries become then 
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the mere vestiges of their former selves. The distal end of 
the oviduct is, therefore, not unfrequently styled the uterus. 
There is no penis in the male, fertilisation of the ova occur- 
ring as they are squeezed out of the female by the embracing 
fore limbs of the male. ‘The male has a pad, black in winter, 
shown in Fig. 1, which is closely pressed against the ventral 
surface of the female in copulation, and which serves as a 
ready means of distinguishing the sex. 


§ 17. The spinal cord has a general similarity to that of 
the rabbit ; the ratio of its size to that of the brain is larger, 
and the nerves number ten pairs altogether. The first of 
these (sp. 1, in Fig. 2, Sh. AIL.) corresponds in distribution 
with the rabbit’s hypoglossal nerve, a point we shall refer 
to again when we speak of the skull. The second and third 
constitute the brachial plexus. ‘The last three form the 
sciatic plexus going to the hind limb. 


§ 18. The same essential parts are to be found in the 
brain of both frog and rabbit, but in the former the adult is 
not so widely modified from the primitive condition as in the 
latter. The fore-brain consists of a thalamencephalon (¢/.e. 
and 1), which is exposed in the dorsal view of the brain, and 
which has no middle commissure. The cerebral hemispheres 
(c.h.) are not convoluted, do not extend back to cover parts 
behind them, as they do in the rabbit, and are not connected 
above the roof of the thalamencephalon by a corpus callosum. 
Moreover, the parts usually regarded as the olfactory lobes 
(rh.) fuse in the middle line. The mid-brain gives rise to 
the third nerve, and has the optic lobes on its dorsal side, 
but these are hollow, and they are not subdivided by a trans- 
verse groove into corpora quadrigemina, as in the rabbit. In 
the hind-brain the cerebellum is a mere band of tissue 
without lateral lobes or flocculi, and the medulla gives origin 
only to nerves four to ten; there is no eleventh nerve, and 
the hypoglossal is the first spinal—from which it has been 
assumed that the rabbit’s medulla equals that of the frog, 
plus a portion of the spinal cord incorporated with it. ‘The 
hypoglossal is very distinctly seen on opening the skin beneath 
the hyoid plate. 
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§ 19. The first, second, third, and fourth cranial nerves 
of the frog correspond with those of the rabbit in ongin and 
distribution. So do five, six, and eight. The seventh nerve 
forks over the ear-drum—the larger branch emerging behind 
it and running superficially, as shown in Fig. 4. There is 
also a deeper palatine branch of VII. (P.) running under V, 
and V, below the orbit, and to be seen together with V, and 
V, after removal of the eyeball. The ninth nerve similarly 
forks over the first branchial slit of the tadpole, and evidence 
of the fork remains in the frog. It 1s seen curving round 
anterior to the hypoglossal nerve, and lying rather deeper in 
dissection. The vagus (tenth) nerve is distributed to heart, 
lungs, and viscera—in the tadpole it also sends forking 
branches over the second, third, and fourth branchial slits. 
It lies deeper than LX., and internal to the veins, and runs 
close beside the cutaneous artery. Most of these nerves are 
easily dissected, and no student should rest satisfied until he 
has actually seen them. 


§ 20. The sympathetic chain is closely connected with 
the aorta. Itis, of course, paired, and 1s easily found in dissec- 
tion by hiting the dorsal aorta and looking at its mesentery. 
In the presence of ganglia corresponding to the spinal nerves, 
and of rami communicantes, 1t resembles that of the rabbit. 


§ 21. The whole of this chapter is simply a concise compa- 
rison of frog and rabbit. In addition to reading it, the 
student should very carefully follow the annotations to the 
figures, and should copy and recopy these side by side with 
the corresponding diagrams of the other types. 


II. Lhe Skuli of the Frog (and the vertebrate skull generally). 


§ 22. We have already given a description of the mamma- 
han skull, and we have stated where the origin of the several 
bones was in membrane, and where in cartilage ; but a more 
complete comprehension of the mammalian skull becomes 
possible with the handling of a lower type. We propose now, 
first to give some short account of the development and struc- 
ture of the skull of the frog, and then to show bricfly how 
its development and adult arrangement demonstrate the 
mammalian skull to be a fundamentally similar structure, 
complicated and disguised by further development and re- 
adjustment. 


§ 23. Figure 1, I., Sh. XIV., shows a dorsal view of a young 
tadpole cramium ; the brain has been removed, and it is seen 
that 1t was supported simply upon two cartilaginous rods, the 
trabeculae cranvi (tr.c.). Behind these trabeculae comes the 
notochord (m.¢.), and around its anterior extremity are paired 
tracts of cartilage, the parachordals (p.c.). These structures, 
underlying the skull, are all that appears at first of the brain 
box. In front, and separate from the cranium, are the nasal 
organs (.c.); the eyes he laterally to the trabeculae, and 
laterally to the parachordals are two tracts of cartilage 
enclosing the intcrnal ear, the otic capsules. 


§ 24. Figure 1, II., is amore advanced phase of the same 
structures. The trabeculae have met in front and sent 
forward a median (¢.¢.) and lateral parts (a.0.) to support the 
nasal organs. They have also flattened out very considerably, 
and have sent up walls on cither side of the brain to mcet 
above it and form an incomplete roof (¢.) over it. The para- 
chordals have similarly grown up round the hind-brain and 
formed a complete ring, the roof of which is indicated by 8. 
Further, the otic capsules are fusing with the brain-case. 
With certain differences of form these elements—the trabe- 
culae, the parachordals, and the otic capsules, are also the 
first formed structures of the mammalian cranium, 
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§ 25. In Figures 1, I. and IJ., there appears beneath the 
eye a bar of cartilage (y.p.), the palato-pterygord cartilage, 
which is also to be seen from the side in Figures 8, I. and 
TII. It will be learnt from these latter that this bar is 
joined in front to the cranium behind the nasal organ, and 
behind to the otic capsule. The cartilaginous bar from the 
palato-pterygoid to the otic capsule is called the quadrate, and 
at the point of junction, at the postero-ventral angle of the 
palato-ptery goid, articulates with the cartilaginous bar which 
is destined to form the substratum of the lower jaw—Aleckel’s 
cartilage (Mc. in Fig. 8, I.). 


§ 26. Figure 2 shows a dorsal view of these structures in 
a young frog. The parts corresponding to these in 1, IL. will 
be easily made out, but now ossification has set in at various 
points of this cartilaginous cranium. In front of the otic 
capsule is the paired pro-otie bone (p.0.); behind it at the 
sides of the parachordal ring is the paired ex-occipital (e.0.) ; 
in front of the cranium box, and behind the nasal capsules, 
is a ring of bone, the (median, but originally paired) spheneth- 
moid (s.e.). A splint of bone, the guadrato-jyugal, appears at 
the angle of articulation with the lower jaw. These are all 
the cartilage bones that appear in the cranium and upper jaw 
of the frog. 


§ 27. But another series of bones, developed first chiefly in 
dermal connective tissue, and coming to plate over the cranium 
of cartilage, are not shown in Figure 2. They are, however, 
in Figure 3. These membrane bones are: along the dorsal 
middle line, the parieto-frontals (p.f.), originally two pairs of 
bones which fuse in development, and the nasals (na.). 
Round the edge of the jaw, and bearing the teeth, are pre- 
maxillae (p.m.), and maaillae (mx.), and overlying the quad- 
rate cartilage and lateral to the otic capsules are the T-shaped 
squamosal bones (sq.). In the ventral view of the skull 
(Fig. 4) we see a pair of vomers (vo.) bearing teeth, a pair of 
palatines (pal.), anda pair of pterygotds (pt.) (which palatines 
and pterygoids, we may note, unlike those of the rabbit, 
are membrane bones), and a great median dagger-shaped 
para-sphenod (p.sp.). These two Figures, and 5, which 
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shows the same bones in side view, should be carefully mas- 
tered before the student proceeds with this chapter. The 
cartilage bones are distinguished from membrane bones by 
cross-shading. 


§ 28. Turning now to Figure 8, I., we have a side view of 
a tadpole’s skull. On the ventral side of the head is a 
series of vertical cartilaginous bars, the visceral arches sup- 
porting the walls of the tadpole’s gill slits. The first of 
these is called the Ayowd arch (c.h.), and the four following 
this, the first (47.,), second, third, and fourth (6r.,), branchial 
arches. Altogether there are four gill slits, and between the 
hyoid arch and the jaw arch, as it is called (= Meckel’s car- 
tilage + the palato-pterygoid), is ‘‘an imperforate slit,”? which 
becomes the ear-drum.* The frog no longer breathes by 
gills, but by lungs, and the gills are lost, the gill slits closed, 
and the branchial arches consequently much reduced. 
Figures 8, I., and 8, III., show stages in this reduction. The 
hyoid arch becomes attached to the otic capsule, and its 
median ventral plate, including also the vestiges of the first, 
second, and fourth branchial arches, is called the hyoid appa- 
ratus. In Figure 5, the apparatus is seen from the side; ¢.h. 
is called the (right) anterior cornu} of the hyoid. The func- 
tion of the hyoid apparatus in the frog is to furnish a basis 
of attachment to the tongue muscles; it remains cartila- 
vinous, with the exception of the relic of one branchial arch, 
which ossifies as the thyro-hyal (Fig. 7, th.h.). It will be 
noted that, as development proceeds, the angle of the jaw 
swings backward, and the hyoid apparatus shifts relatively 
forward. These changes of position are indicated in Figure 


8, IUI., by httle arrow-heads. 


* We may note here that, comparing the ear of the frog with that 
of the rabbit, there is no external ear. ‘There is, moreover, no bulla 
supporting the middle ear, and the tympanic membrane stretches 
between the squamosal in front and the anterior cornu of the hyoid 
behind. <A rod-like columella auris replaces the chain of ear ossicles, 
and may, or may not, answer to the stapes alone, or even possibly 
to the entire series. In the internal ear there is no cochlea, and 
the otic mags is largely cartilaginous instead of entirely bony. 

T Pl. cornua. 
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§ 29. Before proceeding to the comparison of the mamma- 
lian skull with this, we would strongly recommend the 
student thoroughly to master this portion of the work, and in 
no way can he do this more thoroughly and quickly than by 
taking a parboiled frog, picking off the skin, muscle, and con- 
nective tissue from its skull, and making out the various 
bones with the help of our diagrams. 


§ 30. Figure 9 represents, in the most diagrammatic way, 
the main changes in form of the essential constituents of the 
cranio-facial apparatus, as we pass from the amphibian to the 
mammalian skull. J” is the frog from the side and behind; 
b.c. is the brain-case, o.¢. the otic capsule, e. the eye, 7.c. the 
nasal capsule, py.p. the palato-pterygoid cartilage, mz. the 
maxillary membrane bones, sg. the squamosal, and md. the 
mandible. The student should compare with Figure 5, and 
convince himself that he appreciates the diagrammatic ren- 
dering of these parts. Now all the distinctive differences i 
form from this of the dog’s skull (D.), are reducible to two 
primary causes— 

(1) The brain is enormously larger, and the brain-case is 

vastly inflated, so that— 

(a) the otic capsule becomes embedded in the brain- 
case wall; 

(6) the palato-pter ygoid rod lies completely under- 
neath the brain-case instead of laterally to it; 

(¢c) the squamosal tilts down and in, instead of down 
and out, and the lower jaw articulates with 
its outer surface instead of below its inner, 
and, moreover, with the enormous distention 
of the brain-case it comes about that the 
squamosal is incorporated with its wall. 

(2) The maxilla anteriorly and the palatine posteriorly 
send down palatine plates that grow in to form the 
bony palate, cutting offa nasal passage (7.p.) from the 
mouth cavity (m.p.), and carrying the posterior nares 
from the front part of the mouth, as they are in the 
frog, to the pharynx. Hence the vomer of the dog 
hes not in the ceiling of the mouth, but in the floor of 
this nasal passage. 
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§ 31. The quadrate cartilage of the frog is superseded by 
the squamosal as the suspensorium of the lower jaw. It is 
greatly reduced, therefore; but itis not entirely absent. In 
the young mammal, a quadrate cartilage can be traced, con- 
nected with the palato-pterygoid cartilage, and articulating 
with Meckel’s cartilage. Its position is, of course, beneath 
the squamosal, and just outside the otic capsule. As develop- 
ment proceeds, the increase in size of the quadrate does not 
keep pace with that of the rest of the skull structures. It 
loses its connection with the palato-pterygoid, and apparently 
ossifies as a small ossicle—the zncus of the middle ear. A 
small nodule of cartilage, cut off from the proximal end of 
Meckel’s cartilage, becomes the malleus. The stapes would 
appear to be derived from the hyoid arch. Hence these small 
bones seem to be the relics of the discarded jaw suspensorium 
of the frog utilized in a new function. Considerable doubt, 
however, attaches to this interpretation—doubt that, if any- 
thing, 1s gaining ground. 


§ 32. The tympanic bulla of the dog is not indicated in 
Diagram 9, and it would appear to be a new structure 
(neomorph), not represented in the frog. 


§ 33. Besides these great differences in form, there are im- 
portant differences in the amount and distribution of centres 
of ossification of the skull of frog and mammal. There is no 
parasphenoid in the mammal; and, instead, a complete series 
of ossifications, the median-, basi-, and pre-sphenoids, and 
the lateral ali- and orbito-sphenoids occur. ‘The points can 
be rendered much more luminously in a diagram than in the 
text, and we would counsel the student to compare this very 
carefully with that of the Rabbit. 


* Faint vestigeal indications occur in the developing skulls of 
some insectivora. 
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§ 35. Additional points to be noticed are: (1) The otic 
capsule (= periotic bone) of the dog ossifies from a number 
of centres, one of which is equivalent to the frog’s proodtic. 
(2) The several constituents of the lower jaw are not to be 
distinguished in the adult mammal. (8) The frog has no 
lachrymal bone. 


§ 36. We are now in a position to notice, without any 
danger of misconception, what is called the segmental theory 
of the skull. Older anatomists, working from adult structure 
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only, conceived the idea that the brain-case of the mammal 
represented three inflated vertebrae. The most anterior had 
the presphenoid for its body, the orbito-sphenoids for its 
neural processes, and the arch was completed above by the 
frontals (frontal segment). Similarly, the basi-sphenoids, 
ali-sphenoids, and parictals formed a second arch (parietal 
segment), and the ex-, basi-, and supra-occipitals a third 
(occipital segment). If this were correct, in the frog, which 
is a more primitive rendering of the vertebrate plan, we 
should find the vertebral characters more distinct. But, as 
a matter of fact, as the student will perceive, frontal segment, 
parietal segment, and occipital segment, can no longer be 
traced; and the mode of origin from trabeculae and para- 
chordals show very clearly the falsity of this view. The 
vertebrate cranium is entirely different in nature from verte- 
brace. The origin of the parictals and frontals as pavred bones 
in membrane reinforces this conclusion. 


§ 37. But as certainly as we have no such metameric seg- 
mentation, as this older view implies, in the brain-case of the 
frog, so quite as certainly is metameric segmentation evident 
in its branchial arches. We have the four gill shts of the 
tadpole and their bars repeating one another; the hyoid bar 
in front of these is evidently of a similar nature ; and that 
the ear drum is derived from an imperforate gill sht is en- 
forced by the presence of an open sht (the spzracle) in the 
rays and dog fish in an entirely equivalent position. Does 
the mouth answer to a further pair of gill slits, and 1s the 
jaw arch (palato-pterygoid + Meckel’s cartilage) equivalent 
to the arches that come behind it? This question has been 
asked, and answered in the affirmative, by many morphologists, 
but not by any means by al/. The cranial nerves have a 
curious similarity of arrangement with regard to the gill shts 
and the mouth; the fifth nerve forks over the mouth, the 
seventh forks over the car drum, the ninth, in the tadpole 
and fish, forks over the first branchial sht, and the tenth 1s, 
as it were, a leash of nerves, cach forking over one of the 
remaining gill slits. But this matter will be more intelligible 
when the student has worked over a fish type, and need not 
detain us any further now. 
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§ 38. See also § 13 again, in which is the suggestion that 
the occipital part of the skull is possibly a fusion of vertebrae, 
a new view with much in its favour, and obviously an entirely 
different one from the old ‘‘ segmental”? view of the entire 
skull, discussed in § 36, 


Questions on the Frog. 


[All these questions were actually sct at London University 
Examinations. | 


1. Give am account, with illustrative sketches, of the 
digestive organs of the common frog, specifying particularly 
the different forms of epithehum met with in the several 
regions thereof. 

2. Describe the heart of a frog, and compare it with that 
of a fish and of a mammal, mentioning in cach case the great 
vessels which open into each cavity. 

3. Compare with one another the breathing organs and the 
mechanism of respiration in a frog and in a rabbit. Give 
figures showing the condition of the heart and great arteries 
in these animals, and indicate in cach case the nature of the 
blood in the several cavities of the heart. 

4, Draw diagrams, with the parts named, illustrating the 
arrangement of the chief arteries of (@) the frog, (4) the 
rabbit. (¢) Compare briefly the arrangements thus described. 
(d) In what important respects does the vascular mechanism 
of the frog differ from that of the fish, in correlation with 
the presence of lungs ? 

5. In the frog provided, free the heart, both aortic arches, 
dorsal aorta as far as its terminal bifurcation, and both chains 
of sympathetic ganglia from surrounding structures; and 
remove them, in their natural connection, from the animal 
into a watch-glass. 

6. Describe the male and female reproductive orguns of 
the common frog, and give some account of their devclop- 
ment. 

7. Describe, with figures, the bones of the limbs and lmb- 
eirdles of a frog. 

8. Remove the brain from the frog provided, and place it 
in spirit. Make a lettered drawme of its ventral and dorsal 
surfaces. 
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9. Point out the corresponding regions in the brain of a 
frog and a mammal, and state what are the relations of the 
three primary brain-vesicles to these regions. 

10. (a) Give an account, with diagrams, of the brain of 
the frog; (6) point out the most important differences 
between it and the brain of the rabbit. (¢) Describe the 
superficial origin and the distribution of the third, (d@) of the 
fifth, (¢) of the seventh, (f) of the ninth, and (g) of the 
tenth cranial nerves of the frog. 

11. Describe, with figures, the brain of a frog, and com- 
pare 1¢ with that of a rabbit. What do you know con- 
cerning the functions of the several parts of the brain in the 
frog ? 

12. Describe briefly the fundamental properties of the 
spinal cord in the frog. By what means would you deter- 
mine whether a given nerve is motor or sensory ? 

13. Prepare the skull of the frog provided. Remove from 
it and place in glycerine on a glass slip the fronto-parietal 
and parasphenoid bones. Label them. Mark on the skull 
with long needles and flag-labels the sphenethmoid and the 
pro-otic bones. 

14. Compare the skull of the rabbit and the frog; especi- 
ally in regard to the attachment of the jaw apparatus to the 
cranium, and other points which distinctly characterize the 
higher as contrasted with the lower vertebrata. 

15. Describe the skeleton of the upper and lower jaw (a) 
in the frog, (4) in the rabbit. Point out exactly what parts 
correspond with one another in the two animals compared. 
(c) What bone in the rabbit is generally regarded as corre- 
sponding to the quadrate cartilage of the frog? 
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I.— General Anatomy. 


§ 1. In the dog-fish we have a far more antique type of 
structure than in any of the forms we have hitherto con- 
sidered. Forms closely related to it occur among the carliest 
remains of vertebrata that are to be found in the geological 
record. Since the immeasurably remote Silurian period, 
sharks and dog-fish have probably remained without any 
essential changes of condition, and consequently without any 
essential changes of structure, down to the present day. 
Then, as now, they dominated the seas. They probably 
branched oft from the other vertebrata before done had become 
abundant m the ener skeleton, which is consequently in 
their case cartilaginous, with occasional ‘ calcification” and 
no distinct bones at all. Unhke the majority of fish, 
they possess no swimming bladder—the precursor of the 
lungs ; but in many other respects, notably in the uro-genital 
organs, they have, in common with the higher vertebrata, 
preserved features which may have been disguised or lost in 
the perfecting of such modern and specialized fish as, for 
instance, the cod, salmon, or herring. 


§ 2. Comparing the general build of a dog-fish with that 
of a rabbit, we notice the absence of a distinct neck, and the 
general conical form; the presence of a large tail, as con- 
siderable, at first, 1n diameter as the hind portion of the 
body, and of the first importance in progression, in which 
function the four paddle-shaped limbs, the lateral fins, simply 
co-operate with the median fin along the back for the purpose 
of steering; and, as a consequence of the size of the tail, we 
note also the ventral position of the apertures of the body. 
The anus, and urinary and genital ducts unite in one common 
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chamber, the cloaca. Behind the head, and in front of the 
fore fin (pectoral fin), are five gill slits (g.s.) leading from 
the pharynx to the exterior. Just behind the eye isa smaller 
and more dorsal opening of the same kind, the spiracle (sp.). 
On the under side of the head, in front of the mouth, is the 

nasal aperture (o/f.), the opening of the nasal sac, which, unlike 
the corresponding organ of the air frequenting vertebrata, 
has no internal narial opening. ‘There is, however, a groove 
running from o/f. to the corner of the mouth, and this, closing, 
in the vertebrate types that live in air and are exposed to 
incessant evaporation of their lubricating secretions, consti- 
tutes the primitive nasal passage. The limbs are undifferen- 
tiated into upper, lower, and digital portions, and are simply 
joimted, flattened expansions. 


§ 3. The skin of the dog-fish is closely set with pointed 
tooth-like scales, the placoid scales, and these are continued 
over the lips into the mouth as teeth. Each scale consists 
of a base of true bone, with a httle tubercle of a harder 
substance, dentine, capped by a still denser covermg, the 
enamel. The enamel is derived from the outer layer of the 
embryonic dog-fish, the ep7zblast, which also gives rise to 
the epidermis; while the dentine and bony base arise in the 
underlying mesoblast, the dermis. A mammalian tooth has 
essentially the same structure: an outer coat of enamel, 
derived from epiblast, overlies a mass of dentine, resting on 
bone, but the dentine is excavated internally, to form a pulp- 
cavity containing blood-vessels and nerves. Most land animals, 
however, have teeth only in their mouths, and have lost 
altogether the external tecth which constitute the armour of 
the dog-fish. Besides the teeth there perhaps remain relics 
of the placoid scales in the anatomy of the higher vertebrata, 
in the membrane bones. How placoid scales may have given 
rise to these structures will be understood by considering 
such a bone as the vomer of the frog. This bone hes on the 
roof of the frog’s mouth, and bears a number of denticles, 
and altogether there is a very strong resemblance in it to 
a number of placoid scales the bony bases of which have 
become confluent. In the salamander, behind the teeth- 
bearing vomers comes a similar toothed parasphenoid bone. 
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The same bone occurs in a corresponding position in the frog, 
but without teeth. In some tailed amphibians the vomers and 
splenials are known to arise by the fusion of small denticles. 
These facts seem to point to stages in the fusion of placoid 
bases, and their withdrawal from the surface to become 
incorporated with the cranial apparatus as membrane bones, 
a process entirely completed in the mammalian type. 


§ 4. The alimentary canal of the dog-fish is a simple 
tube thrown into a Z shape. The mouth is rough with 
denticles, and has a fleshy, immovable tongue on its floor. 
In the position of the Eustachian tube there is a passage, the 
sprracte (sp.), running out to the exterior just external to the 
cartilage containmg the ear. The pharynx communicates 
with the exterior through five gill slits (g.s.), and has, of 
course, no glottis or other lung opening. There is a wide 
oesophagus passing into a U-shaped stomach (st¢.), having, like 
the rabbit's, the spleen (sp.) on its outer curvature. There is 
no coiling small intestine, but the short portion receiving the 
bile duct. (b.d.) and duct of the pancreas (pan.), is called the 
duodenum (d@’dum). The liver has large left (Z.Wv.) and right 
lobes, and a median lobe (Jf lv.), in which the gall bladder 
(g.bl.) is embedded. The next segment of the intestine is 
fusiform, containing a spzral valve (Fig. 4), the shelf of which 
points steeply forward; it is sometimes called the colon (¢o.). 
It 1s absorptive in function and probably represents morpho- 
logically, as it does physiologically, the greater portion of 
the small intestine. A rectal gland (%.g.) opens from the 
dorsal side into the final portion of the canal (rectum). 


§ 5. The circulation presents, in many respects, an 
approximation to the state of affairs in the developing 
embryos of the higher types. The heart (Fig. 3, Sh. XVI.) 
is, roughly, Z shape, and transmits only venous blood. It hes 
in acavity, the pericardial cavity (P.c.c.), cut off by a partition 
from the general coelom. At one poimt this partition 1s 
imperfect, and the two spaces communicate through a peri- 
cardio-perrttoneal canal ( p.p.¢.), which 1s also indicated by an 
arrow (p.p.) in the position and direction in which the 
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student, when dissecting, should thrust his ‘sceker,” in 
Figure 1, Sh. XV. A senus venosus (s.v. in Fig. 8, Sh. XVI.) 
receives the venous trunks, and carries the blood through a 
valve into the baggy and transversely extended atrium (au. ) 
whence it passes into the muscular ventricle (Vn.), and thence 
into the truncus arteriosus. This truncus consists of two 
parts: the first, the conus or pylangium (¢.a.), muscular, con- 
tractile, and containing a serics of valves; the second, the 
bulbus or synangium (b.a.), without valves and pulsatile. In 
the rabbit both sinus and truncus are absent, or merged in 
the adjacent parts of the heart. 


§ 6. From the bulbus there branch, on either side, four 
arterial trunks, the first of which forks, so that altogether 
there are five afferent branchials (a.br.) taking blood to be 
aerated in the gills, here highly vascular filamentary out- 
orowths of the intcrnal walls of the gill slits. There are 
altogether nine such vascular outgrowths (demi-branchs), one 
on each wall of each gill slit except the last, on the hind wall 
of which there is none. (In the spiracle is a miniature demi- 
branch, the pseudo-branch. This suggests that the spiracle is 
really a somewhat modified gill st.) Four efferent branchials 
(e.br.) carry the aerated blood on to the dorsal aorta (da.o.). 
A carotid artery runs forward to the head, and a hypo- 
branchial artery supplics the ventral side of the pharyngeal 
region. There are sub-clavian, coeliac, mesenteric, and pelvic 
arteries, and the dorsal aorta is continued through the leneth 
of the tail as the caudal artery (Cd.A.). 


§ 7. A caudal vein (Cd.V.), bringing blood back from the 
tail, splits behind the kidneys (K. ys and forms the paired 
renal portal veins (7.p.v.), breaking up into a capillary 
system in the renal organ. A portal vein brings blood 
from the intestines to the liver. 


§ 8. Instead of being tubular vessels, the chief veins of the 
dog-fish are, in many cases, irregular baggy sinuses. Three 
main venous truuks flow into the sinus venosus. In the 
median line from behind comes the hepatie sinus (ZZ.8.); and 
laterally, from a dorsal direction, the Cuviertan sinuses (C.S.) 
entcr it. These, as the student will presently perceive, are 
the equivalents of the rabbit’s superior cavae. They reccive, 
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near their confluence with the sinus venosus, the znfertor 
gugutar vein (LI.V.). At their dorsal origin, they are formed 
by the mecting of theantcrior (4. C.8.) and posterior (P. CS.) 
cardinal sinuses. ‘The anterior cardinal sinus hes along dorsal 
to the gill shts (y.s.), and receives an sca sinus Irom the 
eye. The posterior cardinal sinus receives a sub-clavian vein 
(s.¢e.v.) and a lateral vein (Z.V.) and ee posteriorly with 
its fellow in the middle line. This median fusion is a de- 
parture from the normal fish type. It must not be confused 
with the inferior cava, whichis not found in the dog-fish, the 
right posterior cardinal 1 representing the rabbit’s azy gosvein, A 
simplified diagram of the eir culation of a fish is elven in Pig, 2, 
Sh. AVI., and this should be carefully compared with the 
corresponding small figure given of the vascular system of 
each of our other types. 
The blood of the dog-fish resembles that of the frog. 


S 9. The internal skeleton, as we have said, is entirely 
cartilagmous, and only those parts which are pre-formed in 
cartilage in the skeletons of the higher types are represented 
here. The spmal column consists of two types of vertcbrac, 
the trunk, bearing short, distinct, horizontally projecting ribs 
(r.), and the caudal. The diagrams of Figure 5 (Sh. A VITI.) 
are to uUlustrate the structure “of the centrum of a dog-fish 
vertebra; Cis a side view, J) a horizontal median scction, 
A and B are transverse sections at the points indicated by A 
and B respectively in igure C. The vertcbrae are hollowed 
out both anteriorly and poster lorly (amphi-coclous), and a jelly- 
like notochord runs through the entire length of the vertebral 
column, being constricted at the centres of the centra, and 
dilated between them. ‘The neural arch, above the centrum 
and containing the spinal cord, 1s made up of neural plates 
(n.p.) and interneural plates (4.n.p.), completed above by a 
median neural spine (n.s.). In the caudal region, istead of 
ribs projecting outwardly, there are haemat processes, inchned 
downwards and meeting below, forming an arch, the haemal 
arch, containing the caudal artery and ycin—the vein ventral 
to the artery ‘and resembling the neural arch, which contains 
the spinal cord above, in shape and size. 


§ 10. The pectoral limb and girdle (Hig. 4, Sh. XVI.) 
BIOL. iE 
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have only a very vague resemblance to the corresponding 
structures in the rabbit. The girdle (g.) is a transverse bar 
lying ventral to the pericardial wall, and sending up a portion 
(se.), dorsal to the attachment of the limb, which answers to 
the scapula and supra-scapula of the forms above the fish. 
Three main cartilages, named respectively the pro- ( p.p.), 
meso- (m.p.), and meta-pterygrum, form the base of the limb. 
With these, smaller cartilaginous plates, rods, and nodules 
articulate, and form a flattened skeletal support for the fin. 


§ 11. The pelvic girdle and limb (Fig. 2, Sh. XV.) are 
similar in structure, but the pro-pterygium and meso- 
pterygium are absent, and the cartilage answering to the 
meta-pterygium goes by the name of the basi-pterygium. In 
the male, but not in the female, the pelvic fins are united 
behind the cloaca, and there are two stiff grooved copulatory 
organs, the elaspers (el. m Fig. 1), which have a cartila- 
ginous support (cl.c.). These claspers form the readiest means 
of determining the sex of a specimen before dissection. 


§ 12. The skull consists of a cartilagimous cranium, and 
of jaw and visceral arches. ‘The cranium persists throughout 
life,in what closely resembles a transitory embryonic con- 
dition of the higher types. There is a nasal capsule (na.c.), 
a brain case proper, and lateral ofe (auditory) capsules (ot.c.) 
containing the internal ear. (This should be compared with 
the frog’s embryonic skull.) ‘The upper jaw has a great bar 
of cartilage, the palato-pterygoid, as its sole support; the 
arch of premaxilla, maxilla, Jugal, and squamosal—all mem- 
brane bones-——is, of course, not represented. In the frog 
this bar of cartilage is joined directly te the otic capsule by a 
quadrate portion, but this is only doubtfully represented in 
the dog-fish by a nodule of cartilage in the pre-spiracular 
ligament (p.s.). The lower jaw is supported by JlLeckel’s 
cartilage (A.C.). The hyoid arch consists of two main 
masses of cartilage, the hyomandibular (h.m.), and the cerato- 
hyal (¢.4.); the former of these is tilted slightly forward, so 
that the gill sht between it and the jaw arch is obliterated 
below, and the cartilage comes to serve as the intermediary in 
the suspension of the jaw from the otic mass. There are five 
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branchial arches, made up of pharyngo-, ept- and cerato- 
branchials, and the ventral elements fuse in the middle line 
to form a common plate of cartilage. Outside these arches 
are certain small cartilages, the extra branchials (ev.b.) which, 
together with certain small labials by the nostrils and at the 
sides of the gape, probably represent structures of considerably 
greater importance in that still more primitive fish, the 
lamprey. The deep groove figured lateral to the otic capsule 
is the connecting line of the orbital and anterior cardinal 
sinuses; the outline of the antericr cardinal sinus in this 
figure and in Figure 1 is roughly indicated by a dotted line. 


$13. Figure 3a¢isa rough diagram of the internal ear 
the only auditory structure of our ty percep. habbit wn. Vill: 
To dissect out the auditory labyrinth without injury is a 
difficult performance, but its structure may be made out very 
satisfactorily by paring away successive slices of the otic 
mass. Such a section is shown by Figure 36; through the 
translucent hyaline cartilage the utriculus and horizontal 
canal can be darkly seen. The ductus endolymphatieus 
(vide Rabbit) is indicated by a dotted line inour figure. It 1s 
situated internal to the right-angle between the two vertical 
canals, and reaches to the surface of the otic capsule. 





§ 14. The brain shows the three primary vesicles much 
more distinctly than do our higher types. The fore-brain 
has large laterally separated olfactory lobes (7/.), there are 
relatively small ‘‘ hemispheres” (pr.c.), the stalk of the pineal 
eland tilts forward, and the gland itself is much nearer the 
surface, being embedded in the cartilage of the brain case, 
and the pituitary body is relatively very lar ee, and has lateral 
vascular lobes on either side. following the usnal interpre- 
tation of the parts, we find optic lobes (op.t.) as the roof of the 
mid-brain, and behind a very large, median, hollow, tongue- 
shaped cerebellum (c¢.6.). The medulla is large, and certain 
lateral restiform tracts (7.t.) therem, which also occur in the 
higher types, are here exceptionally conspicuous. 


15. The dog-fish has ten pairs of cranial nerves, corre- 
sponding to the anterior ten of the rabbit very closely, when 
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we allow for the modification the latter has suffered through 
the conversion of some part of the spiracular cleft to an ear- 
drum, and the obliteration of the post-hyoid branchial slits. 

The first and second nerves are really brain lobes, and 
nerves of the special senses of smell and sight respectively. 

The third (oculomotor), the fourth ( patheticus), and the 
sixth (abducens) are distributed to exactly the same muscles 
of the eyeball as they are in the rabbit. 

The fifth nerve, has, in the dog-fish, as in the rabbit, three 
chief branches. Y., and Y.,fork over the mouth just as they 
doin the mammal; Y., passes out of the cranium by a separate 
and more dorsal opening, and runs along a groove along the 
dorsal internal wall of the orbit, immediately beneath a 
similar branch of VII., which 1s not distinct in the rabbit. 
The grooves areshown 1n the figure of thecranium, Sh. XVII; 
the joint nerve thus compounded of Y. and VII. is called the 
ophthalmee (oph.). tis distributed to the skin above the nose 
and orbit. When the student commences to dissect the head 
of a doe-fish he notices over the dorsal surface of the snout an 
exudation of a yellowish jelly-like substance, and on removing 
the tough skin over this region and over the centre of the 
skull he finds, lying beneath it, a quantity of coiling simple 
tubuli full of such yellowish matter. These tubuli open on 
the surface by small pores, and the nerves terminate in hair- 
like extremities m their hning. These sense tubes are 
peculiar to aquatic forms; allied structures are found over 
the head and along a dateral line (see below) in the tadpole, 
but when the frog emerges from the water they are lost. 
They, doubtless, indicate some unknown sense entir ‘ely beyond 
our experience, and cither only possible or only necessary 
when the animal is submereed. 

In addition to the ophthalmic moicty mentioned above, the 
seventh nerve has a yidian branch (ed.) running over the 
roof of the mouth, and besides this its main branches fork 
over the spiracle, just as V. forks over the mouth, and as 
IX. and X. fork over gill clefts. This nerve in the rabbit is 
evidently consider: ably modified from this more primitive 
condition. 

The eighth is the auditory nerve, as in the rabbit. 

The ninth nerve forks over the first branchial cleft. 
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The tenth nerve is casily exposed by cutting down through 
the body wall muscles over the gill clefts into the anterior 
cardinal sinus (4.C.8.). It gives off (@) branches forking 
over the posterior four gill slits, (6) a great lateral nerve 
running inward, and back thr ough the body- wall muscle, and 
connected with a line of sense organs similar to those in the 
head, the lateral line, and (¢) a visceral nerve curving 
round to the oesophagus and stomach. In dissection it 
becomes very evident that the tenth nerve is really a leash of 
nerves, each one equivalent to the ninth. 

We may here call the attention of the reader to the fact 
of the singular resemblance of V., VII., LX., and the factors 
of X. That each has a ventral fork, we have alr eady noticed. 
Kach also (? LX.) has a dorsal constituent connected with the 
sense organs of the skin. The vidian branch of VII., however, 
is not evidently represented in the others. 


§ 16. The coelom of the dog-fish is peculiar—among the 
types we treat of—in the possession of two direct communi- 
cations with the exterior, in addition to the customary 
indirect way through the oviduct. These are the akdominal 
pores (@.y.) on either side of the cloaca in either sex. They 
can always be readily demonstrated by probing out from the 
body cavity, in the direction indicated by the arrow (a.p.) in 
Fieure 1, Sh. AV. They probably serve to equalize the 
internal and external pressure of the fish as it changes its 
depth in the water, just as the Eustachian tubes equalize the 
pressure on either side of the mammal’s tympanic membrane. 


§ 17. The musculature of the dog-fish body is cut up into 
V-shaped segments, the point of the V being directed forward. 
The scements alternate with the vertebrae, and are called 
myomeres. Such a scginc ntation is ev ident, though less 

marked, in the bedy wall muscles of the frog, and in the 
abdominal musculature of the rabbit and other mammals it is 


still to be traced. 


18. The uro-genital organs of the female dog-fsh 
(Fig. 1, Sh. XVII.) consist of an unpaired ovary (ov.), paired 
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oviducts (o.d.), enlarged at one point to form an oviducal 
gland (0.d.g.), kidneys (h.), with ureters (ur.) uniting to form 
aurinary sinus (u.s.) opening into the cloaca by a median 
urinary papilia scparate from the oviducal openings. The 
eges contain much yolk, and, like those of the fowl, are very 
large ; like the fowl, too, one of the ovaries is suppressed, 
and it is the right ovary that alone remains. ‘The two 
oviducts mect in front of the liver ventral to the oesophagus, 
and have there a common opening by which the ova are 
received after being shed into the body cavity. The eggs 
reccive an oblong horny case in the oviduct; m the figure 
such a case 1s fleured as distending the duct ate. The testes 
of the male (Z. in Fig. 2) are partially conflucnt in the middle 
line. They communicate through vasa efferentia (v.e.) with 
the modified anterior part of the kidney, the epididymis 
(ep.), from which the vas deferens (v.) runs to the median 
uro-genital sinus (w.g.s.), into which the ureters (ur.) also 
open. The silvery peritoneum (lining of the body cavity) 
covers over the reddish kidneys, and hides them in dissection. 


§ 19. Figure 3, Sh. AVIT., isa generalized diagram of the 
uro-genital organs in the vertcbrata; J/.Z. 1s the middle line 
of the body, G. 1s the genital organ, Pr. 1s the pronephros, or 
fore kidney, a structure which 1s never developed in the dog- 
fish, but which has functional importance in the tadpole and 
cod, and appears as a transitory rudiment in the chick. A 
duct, which is often spoken of as the pronephrie duct (p.d.), 
and which we have figured undcr that name, is always 
developed. Antcriorly it opens into the body cavity. It is 
also called the Millcrian duct, and in the great majority of 
vertebrata it becomes the oviduct, uniting with its fellow, in 
the case of the dog-fish, ventral to the oesophagus. In the 
male it usually disappears; the uterus masculinus of the 
rabbit is still very generally regarded as a vestige of it. 
Kolhker has shown, however, that this intcrpretation 1s 1m- 
probable. A/s. is the mesonephros, some or all of which becomes 
the epededymrs in the male of types possessing that organ, and 
is connected with G. by the vasa efferentia. J/¢., the meta- 
nephros, 1s, in the frog, indistineuishably continuous with 
Ms., and is the functional kidney, its duct (metanephrie duct) 
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being either undifferentiated from the mesonephrie (as 1s the 
case with the frog) or largely split ef from it, as in the dog- 
fish, to form the ureter. 


§ 20. The correspondence of the male organs of the dog- 
fish with those of the rabbit, will be more evident if the 
student 1magine— 


(a) the testes, vasa efferentia, and epididymis of 
each side to shift posteriorly until they reach a 
position on either side of the cloaca; and 

(6) The uro-genital apertures, instead of mecting 
dorsally and posteriorly to the anus, to shift round 
that opening and meet anteriorly and ventrically 
to it. 


§ 21. This completes our survey of this type. Except 
where we have specified differences, the gencral plan of its 
anatomy follows the lines of the other vertebrate types 
described. 


Questions on the Dog-Lsh. 


1. Describe the alimentary canal of the dog-fish, and com- 

ay it with that of the rabbit in detail. 

. Compare the coclom of the dog-fish and rabbit. 

Draw diagrams to illustrate the course of the circulation 
in — dog-fish. 

4. (a) Describe fully the heart of a dog-fish. (6) Compare 
it with that of a rabbit. 

5. Give an account of the respiratory apparatus of the dog- 
fish. 

Draw diagrams of a dog-fish vertebra, and compare the 
centrum with that of a rabbit. 

7. Compare the vertebral column of the dog-fish and rabbit. 

8. Draw diagrams of the Lmbs and lmb- virdlos of the dog- 
fish. Compare the pectoral with the pelvic fin. 

9. Draw diagrams of (a) the male and (6) the female uro- 
ecnital organs of the dog-fish. (¢) Compare them carctully 
with those of the rabbit. 

10. Compare the circulation in the kidney of dog-fish and 
rabbit. 

11. Give an account of the cranio-facial apparatus of the 
dog-fish. State clearly what representation of this occurs in 
the frog and in the 1 rabbit. 

12. Give drawings (a) from above, (6) from the side, of 
— -fish brain. 

State the origin and the distribution of the fifth, 
i. ninth, and tenth cranial nerves in the dog-fish. 

14, Compar c, one by one, the cranial nerves of the dog-fish 
with those of any higher vertebrate, as regards their origin 
and their distribution. 

15. Describe the auditory organ of the dog-fish. What 
parts are added to this in the higher type ? 

16. Draw the cloaca (a) of a male, (6) a female dog-fish. 

17. (Practical.) Demonstrate in a dog-fish the pathetic 
nerve, the opening between pericardium and coelom, the 
abdominal pores, and the urcter. 


AMEP TH LO X Us: 


I. Anatomy. 


1. We find in Amplnoxus the essential vertebrate 
features redueed to their simplest expression and, in addition, 
somewhat distorted. here are wide diffcrenees from that 
vertebrate plen with whieh the reader may now be eonsidered 
familar. There are no limbs. There is an unbroken fin 
along the median dorsal line and eoming round along the 
ventral middle line for about half the animal’s ieneth. But 
two lowly vertebrates, the hag-fish and lamprey, have no 
limbs and a continuous fin. There i is, as we shall see more 
elearly later, a structure, the respiratory atrium, not apparently 
repr esented in the true vertebrate types, at least in their adult 
stages. There is no distinet heart, only a debateable brain, 
quite without the typieal division into three primary vesieles, 
no skull, no structures whatever of eartilage or bone, no 
genital ducts, no kidneys at all resembling those of the 
vertebrata, no panereas, no spleen, apparently no sympathctic 
chain, no pazred scnse organs, eyes, cars, or nasal sacs, in all 
of which pomts we have stnking differences from all true 
vertebrata; and sueh a eharaeteristic vertebrate peeuhanity 
as the pincal gland we can only say 1s represcnted very 


doubtiully by the eye spot. 


2. The vertebral eolumn is devoid of vertebrae; it is 
throughout life a rod of gelatinous tissue, the notochord 
(Fig. 1, 2.e.), surrounded by a cellular sheath. Sueh a rod 
is precursor to the vertcbral eolumn im the true vertebrates, 
but, exeept in sueh lowiy forms as the lamprey, is usually 
replaeed, partially (¢.7., dog-fish) or wholly (as in the rabbit) 
by at first eartilaginous vertebrae whose bodies are derived 
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from its sheath. Further, while in all true vertcbrata the 
notochord of the developing young reaches anteriorly at most 
to the mid-brain, and is there at its termination enclosed by 
the middle portion of the skull, in Amphioxus it reaches far 
in front of the anterior extremity of the nervous system, to 
the end of the animal’s body.* On this account the following 
classification 1s sometimes made of those animals which have 
a notochord :— 


Crorpata (= Vertebrata, as used by Lankestcr). 


I. Having the notochord reaching in front of the brain. 
Cephalochorda = Amphioxus. 


Il. Having the notochord reaching anteriorly to the mid- 
brain, a brain of three primary vesicles and a skull. 

Craniata = all *‘ true vertebrata”’: fishes, amphibtia, 

reptiles, birds, and mammals ( Vertebrata of Balfour). 


III. Having the notochord confined to the tail. 
Urochorda = the ascidians, or sca-squirts, certain 
forms of life only recently recognised as relatives of 
the vertebrata. 


3. Figure 1, Sh. XLX., shows the general anatomy of 
Amphioxus. We recognise five important points of resem- 
blance to the earlier phases of the higher and the permanent 
structure of the lower members cf the vertebrata, and it 1s 
these that justify the inclusion of amphioxus in this volume. 
In the first place there 1s the 


NorocHorpD. 
In the next, Just above at (at s.e.) we find 
A Dorsat Tubular Nervous Axis, 
the spinal cord. Thirdly, the pharynx ( pd.) 1s perforated by 
LESPIRATORY SLITS, 
* The anterior end of the notochord in the developing rabbit or 


dog lies where the middle of the basisphenoid bone is destined 
to be. | 


AMPHIOXUS, 97 


though these, instead of being straight slashes, are modified 
from a U-shape slant very much forward and are much more 
numerous than in any true vertebrate. Fourthly, there 1s, 
as we shall see, a 


VERTEBRATE TYPE OF CIRCULATION. 
And finally the body-wall muscles are divided into 


MYoMEREs. 


S$ 4. The alimentary canal of Amphioxus commences 
with an ‘‘oral cavity,’ not represented in our vertebrata, 
surrounded by a number of czrrz, or tentacles, supported by a 
horny substance which seems to be ehzizn, a common skeletal 
material among invertebrates. <A velum (v.) forms a curtain, 
perforated by the mouth and by two smaller hyowdean aper- 
tures, between the oral cavity and the pharynx (#/.). 
‘¢ Pharynx’”’ is here used in a wider sense than in the true 
vertebrata; it reaches back close to the liver, and is therefore 
equivalent to pharynx + oesophagus + a portion or all of the 
stomach. ‘The so-called hyoidean apertures are not equivalent 
to the similarly-named parts of the vertebrata. Behind tie 
pharynx the intestine (znt.) runs straight out to the anus (an.), 
which opens not in the middle line, as one might expect, but 
in the left side! The liver hes usually on the creature’s right, 
and, mstead of being a compact gland, is simply bag-lke. 


§ 5. The circulation is peculiarly reduced (Fig. 2). 
The cardiac aorta (¢.ao.) hes along the ventral side of the 
pharynx, and sends branches up along the complete bars 
between the gill slits. There is no heart, but the whole of 
the cardiac aorta is contractile, and at the bases of the aortic 
arches that run up the bars there are contractile dilatations 
that assist in the propulsion of the blood. Dorsal to the 
pharynx, as in fishes, there 1s a pair of dorsal aortae (d.ao.) 
that unite above the liver (compare the frog, for instance), 
and thence run backward as a median dorsal aorta (d.ao.’). 
A portal vein (p.v.) brings blood back from the intestine (and 
apparently from the whole posterior portion of the animal) to 
the liver. Thence hepatic veins (/ep.) take it to the cardiac 
aorta. 
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§ 6. The coelom, or body cavity, of Amphioxus les, of 
course, as in the vertebrata, between the intestinal wall and the 
body walls, and, just as in the vertebrata, it is largely reduced 
where gul shts occur. But matters are rather complicated 
by the presence of an atrial cavity round the pharynx, 
which 1s not ecrtainly represented mm the vertebrata, and 
which the student is at first apt to call the body cavity, 
although 1t 1s entirely distinct and different from that space. 
The mutual relation of the two will become apparent after a 
study of Figures 10, 11, 12 (Sh. XXI.). Figure 10 gives 
diagrammatically a section of a very young stage of Amphioxus: 
P is the pharyux portion of the alimentary canal, coe. is the 
coclom surrounding it at this stage here as elsewhere ; mt.e. 
are certain lymph spaces, the metapleural canals, between 
which a small invagination (7.e., a pushing-in), at., oi the 
outer epidermis occurs; 2.¢. 1s the notochord, and s.c. the 
spinal cord. The gill shts, by which P. communicates with 
the exterior, are not shown. Next Fig. 11 shows the invagi- 
nation (at.) pushing its way in, and cut off from the exterior 
by a mecting of the body wall below. Note that at. is a 
portion of the animal’s exterior thus embraced by its body, 
and that its lining is therefore of the same material as the 
external integument. In Figure 12, a¢. 1s developing upward, 
so that the true body hangs into it. Now Imagine the gill 
shts perforated, as shown by the double- headed arrow in 
Figure 12. Figure 8, on Sh. AX., 1s a less diagrammatic 
representation of a cross-section of the pharyngeal region (wide 
Fig.1,Sh. XLX.). Thestudent should compare Figure 3, Sh. 
XX., and Figure 12, Sh. AXT. The atrium and metapleural 
canals are easily recognised in both. In Figure 3 the coelom 
is much cut up by the gill shts, and we have remaining of it 
(a) the dorsal coclomie canals (d.e.e.) and (6) the branchial 
canals (br.e.) in the bars between the slits. The atrial cavity 
remains open to the exterior at one point, the atrial pore 


(at.p.). 


7. The method of examining cross-sections 18s an ex- 
tremely convenient one in the study of such a type as Amphe- 
ocus. ‘The student should very carefully go over and copy 
the six scctions on Sh, XX., comparing Figure 1 as he gocs 
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He should do this copying before reading what follows. One 
little mattcr must be borne in mind. These figures arc 
merely intended to convey the ercat structural ideas, 
and they are considerably simplified : they must not 
be regarded as a substitute for the examination of micro- 
scopic sections. He will notice a number of rounded 
masses form the body wall. The muscles of Amphioxus 
are arranged in bundles bent sharply in an arrow shape, 
the point “forward. These are called myomeres, and they 
are indicated in Figure 1 by lines poimting acutely for- 
ward. Several are consequently cut m any transverse 
section (Sheet XX.), and these are the rounded masses 
he sees. Similar myomeres, similarly situated, are found in 
fish, behind the head, and, less obviously, they occur with 
diminishing importance as the scale of the vertebrata is 
ascended. 


$8. If we compare the nervous system of amphioxus 
with that of any vertebrate, we find at once a number of 
striking diferences. In the first place, the skeletal covering 
of it, the cranium and the neural arches of vertcbrae, are 
represented only by a ercatly simplified connective tissue. 
In the next, a simple and sheht anterior dilatation alone 
represents the brain. A patch of black pigment anterior to 
this (¢.s.) may or may not be what its name implies, an eye- 
spot. There isa erliated funnel, ef. (Hig. 1, Sh. XLX.), opening 
on the left side, which has becn assumed to be olfactory in 
its functions, and mm the mouth chamber a eliated pit (e.p.), 
which may, or may not, be an organ of taste. The ventral 
fissure of the spinal cord is absent. The dorsal nerves are 
without gangha, and do not come off in pairs, but alternately, 
one to the left, then one to the right, one to the left, one to 
the right, and so on. ‘The ventral nerves are very short, more 
numerous than the dorsal, and never unite with these latter 
to form mixed nerves. 

The student will observe that here, just asin the case of 
the ciliated funnel and anus, the Amp/vorus 1s not strictly 
symmetrical, but twisted, as 1t were, and so departs from 
the general rule of at least external bilateral symmetry 
obtaiming among the vertebrates. It habitually lics on one 


100 BIOLOGY. 


side in the mud of the sea bottom, and it is probable that 
this external asymmetry is due to this habit, so that too 
much classificatory importance must not be attached to 1t. 
The soles and other related fish, for instance, are twisted and 
asymmetrical, through a similar specific habit, to such an 
extent that both eyes le on one side of the animal. 


§ 9. No kidney on the vertebrate pattern is found, but 
the following structures have, among others, been suggested 
as renal organs :— 


(a) Certain canals, the brown tubes of Lankester (6.t.L., 
Fig. 2, Sh. XIX.), a pair of pigmented tubes opening into the 
atrium at the hind end of the pharynx, lying forward along 
by the dorsal coelomic canals, and having an internal opening 
also. 


(6) Certain tubuli described by Weiss as situated in a serics 
along the upper corners of the atrial cavity, and communi- 
cating, after the fashion of the ‘‘nephridia”’ of the ecarth- 
worm, with the coelom and with the exterior (or, rather, 
with that portion of the animal’s exterior enclosed in by the 
atrial wall ; compare § 6). 

(c) The general epithelial ining of the atrium. 


The reproductive organs (Hig. 4, Sh. XX., g.) are masses 
of cells situated in an isolated part of the coelom in the atrial 
folds, and, having no ducts, their contents must escape into 
the atrium by rupture of the body-wall. Thence they escape 
either by gill-slts, pharynx and mouth, or, more gencrally, 
through the atrial pore. The animals, hke all the vertebrata, 
are dioecious, 2.¢., male or female. 


§ 10. The endostyle (end.), in Figs. 3 and 4, is a ciliated 
path or groove on the under side of the pharynx, which is 
gcnerally supposed to represent the thyroid gland of verte- 
brates. The vertebrate thyroid, carly in development, is 
certainly an open and long narrow groove in the ventral side 
of the pharynx. The hyper-pharyngeal groove (/.p.) has 
been in the past compared to the pituitary body, but there is 
little doubt now that this structure is represented by the 
ciliated pit. 
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§ 11. The student is advised to revise this chapter before 
proceeding, and to schedule carefully the anatomical features 
under the headings of (1.) distinctly vertebrate characters, 
(11.) characters contrasting with the normal vertebrate struc- 
ture, (an.) facts of doabtful import, with the suggestions 
given in the text written against them. 


Il.—TZhe Development of Amphiocus. 


§ 12. Lhe development of amphioxus, studied completely, 
is at once one of the most allure and difficult tasks im the 
way of the zoologist; but certain of its earlicr and most 
obvious facts may very convemently be taken into con- 
sideration now. 


§ 13. The phenomena of the extrusion of polar bodies and 
fertilization are treated of later, and will, therefore, not be 
considered now. We wl start our description with an 
egee-cecll, which has eseaped, of course, since there are no 
ecnital ducts, by rupture of the parent, has been fertilized 
by the male clement, and 1s about to develop into a young 
amphioxus. It 1s simply a single ccll, with some powcr 
of amocboid motion, a sgle nucleus and nucleolus; and in 
amphioxts its protoplasm 1s ciear and transparent. Frequently 
ova are loaded with eranules of food store (yolk), which 
enable the young animal to go far with its development 
before it is hatched and has to begin fending for itsclf. Such 
an ovum as that of onr present type, however, being devoid 
of such yolk (alecethat = without yolk), necessitates a very 
carly start in lite, and, for reasons too complicated to state 
fully here, the development m such a case 1s considered 
particularly instructive and prunitive by zoologists. 


S 14. The first thine to be seen in the developing cell 1s a 
decpening circular groove (Fig. 1, Sh. XXI.), which divides 
the ovum into two parts. Another groove then cuts at right 
angles to this, subdividing the two into four (Fig. 2), 
Another groove, at right aneles to both the former, follows, 
making the four cieht (ae. 3). And so subdivision voces on. 
Lhe w hole process 1s called segmentation or cleavage. 


§ 15. At the end of segmentation we get a hollow sphere of 
small cells, the cells separating from one another centrally 
and enclosing a cavity as the process proceeds. This is 
the blastosphere, shown diagrammatically m Figure 4, 
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and of which an internal view, rather truer to the facts of 
the case as regards shape, 1s given as Figure 5. The central 
cavity is the segmentation cavity (s.c.). 


§ 16. Invagination follows (Fig. 6). In this process a 
portion of the blastosphere wall is tucked into the rest, as 
indicated by the arrow, so that a two-layered sack is formed. 
The space ar. 1s the archenteron, the primordial intestine, and 
its mouth is called the dlastopore (bp.). The outer layer of 
this double-walled sac is called the epzblast. For the present 
we will give the inner lining no special term. The young 
amphioxus has, at this stage, which is called the gastrula 
stage, a curious parallelism with such a lowly form as the 
Hydra of our ditches. This latter creature, like the gastrula, 
consists essentially of two layers of cells, an outer protective 
and sensory layer, and an inner digestive one; 1t has a pri- 
mordial intestine, or archenteron, and its mouth is sometimes 
regarded as being a d/astopore. All animals that have little 
yolk, and start early in life for themselves, pass through a 
gastrula stage, substantially the same as this of amphioxus. 


17. The anus is perforated later near the region occupied 
at this stage by the blastopore. Hence the anterior end of 
the future amphioxus, the head end, 1s pointing towards the 
figure 6, and the letters ep. are marked on the side which will 
be dorsal. 


18. Figure 71. 1s a dorsal view of the gastrula at a some- 
what later stage, and here indications of distinctly vertebrate 
relationships already appear. Figure 7 1. 1s a cross-section, 
its position being shown by cross-lines in 71. and 6. Note 
first that the epiblast along the mid-dorsal line 1s sinking m 
to form what is called the neural plate (7.p.), and simul- 
taneously on either side of it rise the neural folds (n.f.). Now, 
at Fig. 8, a slightly later stage is represented, and at 91. the 
inturned part is separated from the gencral external epiblast 
as the spinal cord. The remainder of the epiblast constitutes 
the epidermis. 


§ 19. Reverting to Fig. 7 ii., along the dorsal side of the 
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archenteron a thickening of its wall appears, and is gradually 
pinched off from it to form a cellular rod, lying along under 
the nervous axis and above the intestine. This is the 
notochord (cp. Figs. 8 and 9). 


§ 20. Finally, we note two scries of buds of cells, one on 
cither side of the archentcron in Fig.71. In 8 these buds have 
become hollow vesicles, growing out from it, the coelomze 
pouches. They are further developed in 9; and in 911., which 
is a diagrammatic figure, they are indicated by dotted lincs. 
They finally appear to (? entircly) obliterate the segmentation 
cavity—they certainly do so throughout the body; and their 
cavities are in time cut off from the mesenteron, by the gradual 
constriction of their openings. In this way the coelom (body 
cavity) arises as a scrics of hollow ‘‘ archenteric ”’ outgrowths, 
and ms. becomes the alimentary canal. mt.e., the metapleural 
canals, probably arise subsequently to, and independently of, 
the general coelomic space, by a splitting in the body-wall 
substance. 


§ 21. Hence, in considcring the structure of amphioxus, 
we have three scrics of cclls from which its tissues are 
developed :— 


1. The epiblast. | 
il. Walls of the coclomic pouches, which form (a) an 
inncr lning to the epiblast, (6) an outer coating 
to the hypoblast, and (¢) the mesentery (m.), by 
which the imtestine 1s supported. This is the 
mesoblast. 
iu. The hning of the mesenteron, or hypoblast. 


From the epiblast the epidermis (not the dermis), the nervous 
system (including the nerves), and the sensory part of all 
sense organs are derived. From the mesoblast the muscles, 
the dermis, genital and excretory organs, circulatory fluid 
and apparatus, any skeletal structures, and all connective 
tissue are derived. The mass of the body is thus evidently 

made of mesoblast. The hypoblast is the ning of the intestine 
and of the glands which open into it; and the material of the 
notochord is also regarded as hypobla Bt. 


fm 
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§ 22. Fig. 9 11. shows all the essential points of the 
structure of amphioxus. Epiblast 1s indicated by a line of 
dashes, mesoblast by dots, and hypoblast, dark or black. The 
true mouth is formed late by a tucking-in of epiblast, the 
stomodaeum (s.d.), which meets and fuses with the hypo- 
blast, and is then perforated. The position of this mouth 1s 
atthe velum. The formation of the atrium has been deseribed. 
The metapleural folds run forward in front of the velwm, as 
the epipleurs (ep. in Sections [. and If.), and form an oral 
hood (6.¢.), around which the tentacles appear, and which is 
evidently not equivalent to the vertebrate mouth cavity, but 
in front of and outside it. The anus is formed by a tucking 
in, the proctodaeum, similar to the stomodaeum. 


§ 23. The formation of the respiratory slits 1s complicated, 
and difficult to describe, but, since investigators have still to 
render its meaning apparent, it need not dctain the elementary 
student.* 


* See Balfour’s Embryology, Vol. IT., and Q. J. AL. 8S. March, 1891. 


Questions on Amphioxus. 


1. Draw diagrams, with the parts named, of the alimentary 
canal of (a) amphioxus, (6) any craniate ; (e) indicate very 
— the principal structural daficrences between the two. 


Describe, with a diagram, the circulation of amphioxus. 
con it with that of the craniata. 


Draw from memory transverse sections of amphioxus (a) 
in tin oral region, (@) through the pharynx, (¢) just anterior, 
and (d@) just poster ior to atrial pore. 


4. Describe fully the eoelom of amphioxus, and compare 1t 
with that of the frog in regard to (@) development, (8) its 
relation to other organs in the adult. 


5. Compare the atrial cavity and coelom of amphioxus. 
To what series of cavities in the frog are the mctaplcural 
canals to be compared ? 


6. Describe the notochord of amphioxus, and point out its 
differences from the vertebrate notochord. 


7. Describe, with diagrams, the nervous system of amphi- 
oxus, and compare its nervous axis, in detail, with that of 
a vertebrate. 


8. Compare the genital organs of amphioxus with those of 
a higher vertebrate. 


9. What structures have been regarded as renal organs in 
amphioxus ¢ 


Whatis a gastrula? With what lower type has the 
gastrula been compared? Discuss the comparison, 
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Lhe Development of the Frog. 


§ 1. We have now to consider how the body of the frog is 
built up out of the egg cell, but previously to doing so we 
must revert to the reproductive organs of owr type. 


§ 2. In the testes of the male is found an intricate act- 
work of tubuh, the lining of which 1s, of course, an epitachum., 
The cells of this epithelium have their internal borders differ- 
entiated into spermatozoa, which, at a subscquent stage, arc 
hberated. A spermatozoon (Ing. 3, Sh. ALIL., sp.) 1s a rod- 
shaped cell contaming a nuclcus; m fact, consisting chicfly 
of nucleus, with a tail, the flagcllum, which 1s vibratile, and 
forecs the spermatozoon forward by its lashing. The sper- 
matozoa float in a fluid whichis the jomt product of the 
testes, anterior part of the kidney, and perhaps the prostate 
glands. 


§ 3. In the ovary, the ova are fornicd, and grow to a con- 
sidcrable size. ‘They arc nucleated cells, the nucleus going 
by the special name of the germinal vesicle, and the nucleolus 
the germinal spot. Lhe ova prey upon the adjacent eclls as 
they develop. The protoplasm of the ovum, except at that 
part of the surface where the germinal vesicle lies, 1s packed 
with a great amonnt of food material, the yolk granules. 
This yolk 1s non-living inert matter. An ovum such as this, 
in which the proteplasm is concentrated towards cue pole, 18 
called telolecithal. 


4, Aiter the ovum has finishedits growth, and claborated 
the yolk within itself, a peculiar change occurs in the small 
area free from yolk—the animal pole, in which the germinal 
vesicle hes. This germmal vesicle divides, and one moiety is 
budded off from the ovum. ‘The ovum has, in fact, under- 
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cone cell division into a very large cell containing most of its 
substance, and a small protoplasmic pimple surrounding halt 
of its nucleus. ‘The disproportion is so great between the two 
cells, that the phenomenon does not at first suggest the idea 
of cell division, and it is usually described as the extrusion 
of the first polar body. There follows a second and 
similar small cell, behind the first, the second polar body. 
Since the nucleus of the ovum has divided twice, 1t 1s evident 
that the nucleus remaining now in the ovum is a quarter of 
the original nucleus. Very little protoplasm is given off 
with the polar bodies ; they play no further part in develop- 
ment, but simply drop off and disappear. Not only in the 
frog’s ovum, but in all vertebrata, two polar bodies are given 
off in this way before the sexual process occurs. Their exact 
meaning has been widely discussed. Itis fairly evident that 
some matcrial is removed from the nucleus, which would be 
detrimental to further developments, and the point debated 
is what is the precise nature of this excreted material. This 
burning question we can scarcely deal with here. 


S 5. But here we may point out that in all cells the 
function of the nucleus appears to be to determine 
erowth and division. It is the centre of directive energy in 
the ceil. 


§ 6. Fertilization is effected by a spermatozoon meeting 
with the ovum. It fuses with it, its nucleus becoming the 
male pro-nucleus. ‘This and the female pro-nucleus, left after 
the extrusion of the polar cells, move towards each other, and 
unite to form the first segmentation nucleus. 


§ 7. The ovum next begins to divide. <A furrow cutting 
deeper and deeper divides it into two; another follows 
at right angles to this, making the two four, and another 
equatorial furrow cuts off the animal pole from the yolk 
or vegetative pole. (Sec Sh. XXALL., Figs. 1,2, and 3.) And 
so segmentation (= cleavage) proceeds, and, at last, a 
hollow sphere, the dlastosphere (Fig. 4) 1s formed, with a seg- 
mentation cavity (s.¢c.). But, because of the presence of the 
yolk at the vegetative pole of ovum, and of the mechanical 
resistunce it offers to the force of segmentation, the pro- 
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toplasm there is not nearly so finely divided—the cells, that 
is to say, are much larger than at the animal pole. The 
blastosphere of the frog. is like what the blastosphere of 
amphioxus would be, if the future hypoblast cells were 
enormously larger through their protoplasm being diluted 


with yolk. 


8. The next phase of development has an equally curious 
resemblance to and difference from what occursin the case of 
the ova of animals which do not contain yolk. In such types 
(¢.g., amphioxus) a part of the blastosphere wall is tucked 
into the rest, and a gastrula formed by this process of invagi- 
nation. In the frog (Fig. 5) there is a tucking-in, but the 
part that should le within the gastrula, the yolk- containing 
cells, are far larger than the epiblast (ep.) which should form 
the outer layer of cells. Hence the eprdlast can only by 
continual growth accommodate what it must embrace, and 
the process of tucking-in 1s accompanied by one of growth of 
the epiblast, as shown by the unbarbed arrow, over the yolk. 
This stage is called the gastrula stage; ar. is the cavity of 
the gastrula, the archenteron; b.y. 1s its opening or blasto- 
pore. Such a gastrula, formed mainly by overgrowth of the 
epiblast, 1s called an epeboke gastrula, as distinguished from the 
wnvaginate gastrula of amphioxus. The difference is evidently 
entirely due to the presence of yolk, and the consequent 
modification of invagination in the former case. 


§ 9. Comparing the two gastrulas, it is not difficult to see 
that if we imagine the ventral wall of the archenteron of 
amphioxus to have its cells enormously enlarged through the 
mixing of yolk with their protoplasm, we should have a 
gastrula essentially like that of the frog. 


§ 10. Figure 6 shows a slightly later ovum than Figure 5, 
seen from the dorsal side. 8 p.1s the blastopore. In front of 
that appears a groove, the wal groove, bordered on either 
side by a ridge, ‘the neural fold(nf.). This is seen in section 
imenotne 7 * G6.18 the neural groove; 2.f., as before, the 
neural fold. ‘The neural folds ultimately bend over and meet 
above, so that s.c. becomes a canal, and 1s finally separated 
from the epiblast to form the spinal cord. Below the neural 


Pe BIOLOGY. 


eroove a thickening of the dorsal wall of the archenteron 
appears, and is pinched off to form a longitudinal rod, the 
precursor of the vertebral column, the notochord, shown in 
Figure 7 (7.¢.), as imperfectly pinched off. 


§ 11. Simultaneously, on either side of the notochord appear 
a series of so/7d masses of cells, derived mainly by cell-divi- 
sion from the cells of the wall of the archenteron, and filling 
up and obliterating the segmentation cavity. These masses 
increase in number by the addition of fresh ones behind, 
during development, and are visible in the dorsal view as brick- 
like masses, the mesoblastic somites or proto-vertebrae (Fig. 6, 
Tecate iii.). In Figure 7, these masses are indicated by 
dotting. In such a pr imitive type as amphioxus these meso- 
bl astic masses contain a cavity, destined to be the future 
body cavity, from the first. In the frog, the cavity is not at 
first apparent; the mosoblast at first seems quite solid, but 
subsequently what is called the splitting of the mesoblast occurs, 
and the body cavity (6.c. in Fig. 7) appears. The outer 
mesoblast, lying immediately under the cpiblast, constitutes 
the substance of the somatopleur, and from it will be formed 
the dermis, the muscles of the body wall, almost all the car- 
tilage and bone of the skeleton, the substance of the limbs, 
the ‘kidneys, erenital organs, heart and blood- vessels, and, 1n 
short, every thine between the dermis and the coelom, except 
the nervous system and nerves, and the notochord. The 
inner mesoblast, the mass of the splanchnopieur, will form 
the muscle and connective tissue of the wall of the alimentar y 
canal, and the binding substance of the liver and other glands 
that open into the canal. 


$12. Figure 8 is one which we reproduce, with the neces- 
sary changes in each plate of cmbryological figures given 
in this book, so that the student will find it a convenient one 
tor the purpose of comparison. The lines of dashes, in all 
cases, slenify hypoblast, the unbroken black line is epiblast, 
dotting shows mesoblast, and the shaded rod (.¢.) is the 
notochord. ¢.s. is the spinal COrd. "0715. bias. Ore. cane~ thie 
three prunary vesicles which constitute the brain, and which 
form fore, mid, and hind brain respectively. J. 1s the intestine 
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and Y. the yolk cells that at this early stage constitute its 
ventral wall. 


§ 13. Figure 9 gives a similar diagram of a later stage, 
but here the blastopore is closed. An epiblastic tucking-in 
at st., the stomodaeum, pre-figures the mouth; pr., the procto- 
daeum, 18 a similar posterior invagination which will become 
the anus. Y., the yolk, isevidently much absorbed. Figure 
10 is a young tadpole, seen from the side. The still unab- 
sorbed yolk in the ventral wall of the mesentery gives the 
creature a big belly. Its mouth is suctorial at this stage, 
and behind it is a sucker (s.) by which the larvae attach 
themselves to floating reeds and wood, as shown by the three 
black figures below. 


S14. We may now consider the development of the 
different organs slightly more in detail, though much of this 
has already been approached. The nervous system, before 
the closure of the neural groove, has three anterior dilatations, 
the fore-, mid-, and hind-brains, the first of which gives rise 
by hollow outgrowths to two pairs of lateral structures, the 
hemispheres and the optic vesicles. The latter give rise to 
the retina and optic nerve as described in § 40, p. 125. 


§ 15. The hypoblastic notochord is early embraced by a 
mesoblastic sheath derived from the protovertebrac. This 
becomes truly cartilaginous, and at regular intervals is 
alternately thicker and thinner, compressing the notochord 
at the thicker parts. Hence the notochord has a beaded form 
within this, at first, continuous cartilaginous sheath. This 
sheath is soon cut into a series of vertebral bodies by jointings 
appearing through the points where the cartilage is thickest 
and the notochord most constricted. JLence what remains of 
the notochord hes within the vertebral bodies in the frog ; 
while in a cartilaginous fish, such as the dog-fish, or in the 
embryonic rabbit, the lines of separation appear where the 
notochord is thickest, and it comes to he between hollow-faced 
vertebrae. Cartilaginous neural arches and spines, formed out- 
side the notochordal sheath, enclose the spinal cord in an areade. 
The final phase is ossification. As the tadpole approaches 
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the frog stage the vertebral column in the tail 1s rapidly ab- 
sorbed, end its vestiges appear in the adult as the urostyle. 


§ 16. The development of the skull is entirely dissimilar to 
that of the vertebral column. It is shown on Figures 1 and 
8, Sh. XIV.; and in the section devoted to the frog’s skull 
avery complete account of the process 1s given. The process 
of ossification 1s described under the histology of the Rabbit. 


§ 17. The origin of the circulatory and respiratory 
organs 1s of especial interest in the frog. In the tadpole we 
have essentially the necessities and organization of the fish; 
in the adult frog we have a clear exposition of the structure 
of pigeon and rabbit. The tadpole has, at first, a straight 
tubular heart, burrowed out in somatic mesoblast, and pro- 
duced forward into a truncus arteriosus. From this arise 
four afferent branchial arteries, running up along the sides of 
the four branchial arches, and supplying gills. They unite 
above on either side in paired hyper-branchial arteries, which 
meet behind clorsal to the liver, to form a median dorsal aorta. 
Internal and external carotid arteries supply the head. These 
four afferent branchial arches are equivalent to the first 
four of the five vessels of the dogfish. At first, the paired 
gills are three in number, exter nal, and treelike, covered by 
epiblast (Figs. 10 and 11, é.g9.), and not to be compared to 
fish gills in structure, or in fact to any other gills within 
the limits of the vertebrata. Subsequently (hypoblastic) 
internal gills (ant.g., Fig. 12), strictly homologous with the 
gills of a fish, appear. Then a flap of skin outside the hyoid 
arch grows back to cover over the eills; this is the operculum 
(op. in Figs. 11 and 12, Sh. ox. and it finally encloses 
them in a gill chamber, open only by a pore on the left, which 
resembles in structure and physiological meaning, but differs 
evidently very widely in development, from the amphioxus 
atrium. At this time, the lungs are developing as paired 
hollow outgrowths on the ventral side of the throat (Fig. 12, 
De) As the limbs develop, and the tail dwindles, the gill 
chamber is obliterated. The capillary interruptions of the 
eills on the branchial arches (aortze arches) are also obliterated. 
The carotid gland occupies the position of the first of these 
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in the adult. The front branchial arch here, as in all 
higher vertebrata, becomes the carotid arch; the lingual 
represents the base of a pre-branchial vessel; the second 
branchial becomes the aortic arch. The fourth loses its con- 
nection with the dorsal aorta, and sends a branch to the 
developing lung, which becomes the pulmonary artery. The 
third disappears. A somewhat different account to this is 
still found in some text-books of the fate of this third 
branchial arch. Balfour would appear to have been of 
opinion that it gave rise to the cutancous artery, and that 
the third and fourth vessels coalesced to form the pulmo- 
cutaneous, the fourth arch moving forward so as to arise from 
the base of the third; and most elementary works follow 
him. This opinion was strengthened by the fact that in 
the higher types (reptiles, birds, and mammals) no fourth 
branchial arch was observed, and the apparent third becomes 
the pulmonary. But it has since been shown that a transitory 
third arch appears and disappears in these types. 


§ 18. The origin of the renal organ and duct has very 
considerable controversial interest.* In Figure18,Sh. X XI, 
a diagrammatic cross-section of anembryois shown. J. 1s the 
intestine, coe. the coelom, s.c. the spinal cord; n.c. the noto- 
chord, surrounded by 2.s., the notochordal sheath. ao.1is the 
dorsal aorta. In the masses of somatic mesoblast on either 
side, a longitudinal canal appears, which, in the torpedo, a 
fish related to the dog-fish, and in the rabbit, and possibly in 
all other cases, 1s epiblastic in origin. Thisis the segmental 
duct, which persists, apparently, as the Wolffian duct (/V.D.). 
Ventral to this appears a parallel canal, the Mullcrian duct 
(Jf.D.), which is often described as being split off from the 
sepmental duct, but which is, very probably, an independent 
structure in thefrog. A numberof tubuli, at first metameri- 
cally arranged, now appear, cach opening, on the one hand, into 


* In the discussion whether the vertebrata have arisen from, 
some ancestral type, like the earthworm, metamerically segmented, 
and of fairly high organization, or from a much lower form, possibly 
even from a coelenterate. Such a discussion is entirely outside the 
scope of the book, though its mention ig necessary to explain the 
importance given to these organs. 
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the coclom by a ciliated mouth, the nephrostome (n.s.), and on 
the other into the segmental duct. These tubuli are the seg- 
mental tubes or nephridia. There grows out from the aorta, 
towards each, a bunch of blood-vessels, the glomerulus (cp. 
§ 62, Rabbit). These tubuli ultimately become, in part, the 
renal tubuli, so that the primitive kidney stretches, at first, 
along the length of the body cavity from the region of the 
gill-slits backward. The anterior part of the kidney, called 
the pronephros, disappears 1n the later larval stages. Internal 
to the kidney on either side there has appeared a longitudinal 
ridge, the genital ridge (g.7.), which gives rise to testes or 
ovary, as the case may be. 


19. The student should now compare the figures on 
Sh. XVII. In the male, tubular connections are established 
between the testes and the middle part of the primitive 
kidney (mesonephros). These connections are the vasa efferentia 
(v.e.), and the mesonephros is now equivalent to the epi- 
didymis of the rabbit. The Wolffian duct is the urogenital 
duct of the adult, and the Mullerian duct is entirely absorbed, 
or remains, more or less, 1n exceptional cases. 

In the female, the Mullerian duct imcreases greatly in 
keneth—so that at sexual maturity its white coils appear 
thicker and longer than the intestine—and becomes the ovi- 
duct ; the Wolffian duct is the ureter, and the mesonephros 
is not perverted in function from its primary renal duty. 


§ 20. Tabulating these facts— 
In the adult male: 
Pronephros disappears. 
The Mullerian duct (? = pronephric duct) dis- 
appears. 
Mesonephros = Epididymis; its duct, the uro- 
genital. 
Metanephros and duct, not clearly marked off 
from Mesonephros. (Cp. Dogfish, § 19.) 
In the adult female: 
Pronephros disappears. 
The Miillerian duct, the oviduct. 
Mesonephros and Mctanephros, the kidney, 
and their unscparated ducts, the ureters. 


DEVELOPMENT OF THE FROG. Po 


§ 21. Hermaphroditism (1.e., cases of common sex) is occa- 
sionally found among frogs; the testis produe :s ova mm places, 
and the Miillerian duct is retained and functional. The 
ciliated nephrostomata remain open to a late stage of develop- 
ment in the frog, and in many amphibia throughout life. 
Their connection with the renal tubuli is, however, lost. 


§ 22. The alimentary canal 1s, at first, a straight tube. 
Its disproportionate increase in length throws it into a spiral 
in the tadpole (zt. Fig. 11), and accounts for its coilmg in 
the frog. The liver and other digestive glands are first 
formed, like the lungs, as hollow outgrowths, and their lining 
is therefore hypoblastic. The greatest relative length of 
intestine is found in the tadpole, which, being a_ purely 
veectable feeder, must needs effect the maximum amount of 
preparatory change in its food. 


The Development of the Fowl. 


23. The frog has an ovum with a moderate allowance of 
yolk, but the quantity is only sufficient to start the little 
animal a part of its way towards the adult state. The fowl, 
on the contrary, has an enormous ovum, gorged excessively 
with yolk, and as a consequence the chick is almost perfected 
when it is hatched. The so-called yolk, the yellow of an 
egg, is the ovum proper; around that is a coating of white 
albumen, in a shell membrane and a shell. At either end of 
the yolk (Fig. 1, y.) twisted strands of albuminous matter, 
the chalazae (ch.) keep the yolk in place. The animal pole 
is a small grey protoplasmic area, the germinal area (g.a.), on 
the yolk. 


§ 24. We pointed out that the presence of the yolk in the 
frog’s egg led to a difference in the size of the cells at the 
animal and vegetable poles. The late F. M. Balfour, borrow- 
ing a mathematical technicality, suggested that the rate of 
segmentation in any part of an ovum varies inversely with 
the amount of yolk. In the fowl’s egg, except just at the 
germinal area, the active protoplasm is at a minimum, the 
inert yolk at a maximum; the ratio of yolk to protoplasm is 
practically infinity, and the yolk therefore does not segment 
at all. The yolk has diluted the active protoplasm so much 
as to render its influence inappreciable. The germinal area 
seements, and les upon the yolk which has defeated the 
efforts of its small mingling of protoplasm to divide. Such 
a type of segmentation in which only part of the ovum seg- 
ments is called meroblastic. If we compare this with the 
typical blastosphere of the lower type, we see that it is, 
as it were, flattened out on the yolk. This stage 1s shown in 
section in the lower figure of Figure 1. 46.d., the blasto- 
derm, is, from this point of view, a part of the ripped and 
flattened blastosphere, spread out on the yolk; s.¢. is the 
segmentation cavity, and y. the yolk. 


§ 25. There is no open invagimation of an archenteron in 
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the fowl, as in the frog,—the gastrula, like the blasto- 
sphere, stage 1s also masked. But, in the hinder region of 
the germinal area, a thick mass of cells grows inward and 
forward, and, appearing in the dorsal view of the egg asa 
white streak, is called the primitive streak (p.s.). By a 
comparison of the figures of frog and fowl the student will 
easily perceive the complete correspondence of the position of 
this with the blastopore of the frog. ‘The relation of the 
two will be easily understood 1f we compare the fowl’s 
archenteron to a glove-finger under pressure—its cavity is 
obliterated—and the frog’s to the glove-finger blown out. 
The tension of the protoplasm, straining over the enormous 
yolk, answers to the pressure. ‘he gastrula in the fowl is 
solid. The primitive streak is, in fact, the scar of a closed 
blastopore. As we should expect from this view of its 
homology, at the primitive streak, the three embryonic 
layers are continuous and indistinguishable (Fig. 2). Else- 
where in the blastoderm they are distinctly separate. Just 
as the yolk cells of the frog form the ventral wall of the 
intestine, so nucle1 appear along the upper side of the yolk of 
the fowl, where some protoplasm still exists, and give rise to 
the ventral hypoblastic cells. By conceiving a gradually 
increasing amount of yolk in the hypoblastic cells in the 
ventral side of the archenteron, the substantial identity of 
the gastrula stage in the three types, which at first appear so 
strikingly different, will be pereeived. Carry Figures 4 and 65 
of the frog one step further by imcreasing the size of the 
shaded yolk and leaving it unsegmented, and instead of ar. 
in 5 show a solid mass of cells, and the condition of things 
in the fowl would at once be rendered. 





§ 26. Figure 3a of the fowl will conveniently serve for 
comparison with Figure 7 of the frog. The inturning of 
the medullary groove is entirely similar in the two cases. 
The mesoblast appears as solid mesoblastic somites. In the 
section above Figure 4 this layer is shown as having 
split into somatopleur (so.) and splanchnopleur (speh.). 
Figure 3 answers to Figure 6 of the frog, and Figure 4 is a 
later stage, im which the medullary groove is beginning to 
close at its middle part. ‘The clear club-shaped area around 
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the embryo (a.p.) 1s the area pellucida; the larger area 
without this is the area opaca (a.o.), in which the first 
blood-vessels arise by a running together and a specialization 
of cells. The entire germinal area grows steadily at its 
edges to creep over and enclose the yolk. 


§ 27. So far, the essential differences between the develop- 
ment of fowl and frog, the meroblastie segmentation, ab- 
sence of a typical gastrula, and the primitive streak, seem 
comprehensible on the theory that such differences are due 
to the presence of an enormous amount of yolk. Another 
difference that appears later is that, while the tadpole has an 
efficient pronephros, the fowl, which has no larval (free 
imperfect) stages in its hfe history, has the merest indication 
of such a structure. 


§ 28. Another striking contrast, due to, or connected with, 
this plethora of yolk, is the differentiation of a yolk sac 
(= umbilical vesicle) and the development of two new 
structures, the amnion and allantois, in the fowl. If the 
student will compare Figure 10 of the frog, he will see that 
the developing tadpole encloses in its abdomen all the yolk 
provided for it. This is a physical impossibility in the fowl. 
In the fowl (Fig. 2, Sh. XXIV.) the enormous yolk ( Y.) hes 
outside of the embryo, and, as the cells of the germinal area 
grow slowly over it, wmnbilical blood-vessels are developed to 
absorb and carry the material to the embryo. In the case of an 
embryo sinking in upon, as it absorbs, this mass of nutritive 
material, a necessity for some respiratory structure 1s evident. 
From the hinder end of the fowl’s intestine, in a position 
corresponding to the so-called urmary bladder of the frog, a 
solid outgrowth, the allantois, which speedily becomes hollow, 
appears. Karly stages are shown in Figures 1 and 2, dh. 
XXIV. (al.); while the same thing is shown more dia- 
grammatically on Sh. AXITI., Figure 6 (al/.). This becomes 
at last a great hollow sac, which 1s applied closely to the 
porous shell, and the extent of which will be appreciated by 
looking at Figure 5, Sh. XXIV., where the allantois is 
shaded. Alantoic blood-vessels ramify thickly over its walls, 
and acration occurs through the permeable shell. 
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§ 29. The nature of the amnion will be understood by 
following Figures 46, 5, and 6 on Sh. XXIII. The three 
embryonic layers are indicated by broken hnes, dots, and black 
lines, just as they are in the frog diagrams. Not only is the 
embryo slowly pinched off from the yolk sac (y.s.), but, as 
the yolk 1s absorbed beneath it, and it grows in size, it sinks 
into the space thus made, the extra-embryonic somato- 
pleur and epiblast rise up round it as two folds, which are 
seen closing in 5, and closed in 6, over the dorsal side of the 
young chick. In this way a cavity, a, lined by epiblast, and 
called the amniotic cavity, is formed. Dorsal to this, in 
6, comes a space lined by somatic mesoblast, and continuous 
with p.p., the pleuro-peritoneal cavity, or body cavity of the 
embryo. Outside this, again, 1s a layer, of somatopleur 
internally and epiblast externally, the false wnnion ( fia.), 
which is continuous with the serous membrane (s.m.) enclosing 
the rest of the egg. The student should carefully copy these 
diagrams, with coloured pencils or inks for the different layers, 
and should compare them with the more realistic renderings 


ot Picures: 2.5; and 8; Shy XN. 


§ 30. The heart in the fowl appears first as a pair of vessels, 
which unite to form a straight trunk in the median line, as 
the flattened-out embryo closes in from the yolk. The way 
in which this straight trunk is thrown, first of all, into the 
S shape of the fish heart, and then gradually assumes the 
adult form, is indicated roughly by Fig. 3. In one respect the 
development of the heart does not follow the lines one would 
expect. Since, between the fish and the Ingher form 
comes the condition of such an animal as the frog, in which 
the auricles are divided, while there 1s only one ventricle, 
we might expect a stage in which the developing chick’s 
heart would have one ventricle, and a septum between the 
auricles. But, as a matter of fact, the ventricles in fowl and 
rabbit are separated first, and the separation of the auricles 
follows, and is barely complete at birth. 


§ 31. Two vitedline veins from the yolk sac (v.v.) flow into 
the heart from behind, as shown in [igure 1. <A later more 
complete and more diagrammatic figure of the circulation 1s 
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sein in Figure 7. At first there are two antertor cardinal 
(a.c.), and two posterior cardinal veins ( p.e.) uniting to form 
Cuvierian sinuses (¢.s.) that open into the heart just as in the 
dog-fish. But later the inferior cava is developed and extends 
backward, the posterior cardinals atrophy, the Cuvierian 
sinuses become the superior cayae, and the anterior cardinals 
the internal jugular veins. The vitelline veins (v.v.) flow, 
at first, uninterruptedly through the liver to the inferior 
cava, but, as development proceeds, a capillary system is 
established in the liver, and the through communication, the 
ductus venosus, 1s reduced—at last—completely. Bearing in 
mind that the yolk is outside the body in the fowl and inside 
it in the frog, the vitelline veins of the former have a con- 
siderable resemblance in position, and in their relation to the 
portal vein, to a portion of the single anterior abdominal vein. 
Blood is taken out to the allantois, however, by the arteries of 
the latter type. 





§ 32. Five aortic arches are generally stated to appear 
altogether 1n the fowl, but not simultaneously. The first 
two, the mandibular and the hyoid vascular arches, early 
disappear, and are not comparable to any in the frog. The 
third is the first branchial arch, and, hke the corresponding 
arch in the frog, forms the carotid artery ; the second branchial 
is the aortic arch; and what has hitherto been regarded as the 
third (the fifth arch, 2.e.) the pulmonary artery. <A transitory 
arch, it is now known, however, appears between the second 
branchial and the last, and it is therefore the fourth branchial 
arch which is the pulmonary, just as it 1s in the frog. 


§ 33. Blood, it may be mentioned, first appears in the area 
vasculosa, the outer portion of the arca opaca. Embryonic 
cells send out processes, and so become multipolar; the pro- 
cesses of adjacent cells coalesce. The nucleus divides, and 
empty spaces appear in the substance of each of the cells. 

In this way, the cavities of the smaller vessels and capil- 
laries are formed, and the products of the internal divisions 
of the cells become the corpuscles within the vessels. The 
rel blood corpuscles of the rabbit, it may be added, are 
nucl-ated for a considerable portion of embryonic life. Larger 
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vessels and the heart are burrowed, as it were, out of masses 
of mesoblast cells. The course of the blood in the embryo is 
by the ves to the nght auricle, thence through the imperfee- 
tion of the aurreular septum already alluded to, into the left 
auricle. Then the leit ventricle, aortic arches (for the future 

pulmonary artery 1s in communication by a part presently 
blocked, the ductus arteriosus, with the systemic aorta), 

arteries, capillaries, veins. The liver capillary system and 
the pulmonary system only become inserted upon the circula- 
tion at a comparatively late stage. 


§ 34. With the exception of the reduction of the prone- 
phros, what has been said of the development of the frog’s 
nervous system, renal and reproductive organs, and skeleton, 
apphes sufficiently fo the fowl for our present purposes. 
The entire separation of Wolffian and Miillerian ducts from 
the very beginning of development is here beyond all question 
(vide § 18). But the notochord in the fowl is not so dis- 
tinctly connected with the hypoblast, and so distinct from 
the mesoblast, as it is in the lower type, and no gills, internal 
or external, are ever developed. The gill slits occur with a 
modification due to the shttinge and flattening out of the 
embryo, already insisted upon; for, whereas in the tadpole 
they may be described as perforations, in the fowl they appear 
as four notches between ingrowing processes that are endea- 
vouring to mect in the middle line. 


The Development of the Rabbit. 


§ 35. The carly development of the rabbit is apt to puzzle 
students a little at first. We have an ovum practically free 
from yolk (alecithal), and, therefore, we find it dividing 
completely and almost equally. We naturally assume, from 
what we have learnt, that the next stages will be the forma- 
tion of a hollow blastosphere, invagination, a gastrula forming 
mesoblast by hollow outgrowths from the archentecron, and 
soon. There is no yolk here to substitute cpiboly (§ 9) for 
invagination, nor to obliterate the archenteron and the blasto- 
pore through its pressure. 

Yet none of these things we have anticipated occur ! 

We find solzd mesoblastic somites, we find primitive streak, 
allantois and amnion, features we have just been explaining 
as the consequence of an excess of yolk in the egg. We even 
find a yolk sac with no yolk in it. 


S 36. A solid mass of cells is formed at the beginning, 
ealled a morula, Figure 1. In this we are able to distinguish 
rather smaller outer layer cells (0./.c.), and rather larger 
inner layer cells (7.l.c.), but these cells, in their later 





development, do not answer at all to the two primitive layers 
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of the gastrula, and the name of Van Beneden’s blastopore 
(V.B.b.), for a point where the outer layer of cells is incom- 
plete over the inner, only commemorates the authorship of 
amisnomer. The uniformity, or agreement, in the develop- 
ment of our other vertebrate types 1s apparently departed 
from here. 


§ 37. As the egg develops, however, we are astonished to 
find an increasing resemblance to that of the fowl. <A split 
occurs at one point between outer layer and inner layer cells, 
and the space resulting (Y in Fig. 2) is filled by an in- 
creasing amount of fluid, and rapidly enlarges, so that 
presently we have the state of affairs shown in 3, in which 
the inner layer cells are gathered together at one point on 
the surface of the ovum, and constitute the germinal area. 
If, with Hubrecht, we regard the outer layer cells as an egg 
membrane, there is a curious parallclism between this egg 
and the fowl’s, the fluid Y representing the yolk, and the 
inner layer cells the cells of the fowl’s germinal area. 

At any rate, the subsequent development goes far to 
justify such aview. The inner cells split into epi-, meso-, 
and hypo-blast, like the blastoderm in the fowl; there isa 
primitive streak and no blastopore; an amnion arises; the 
yolk sac, small and full of serous fluid, is cut off just as 
the enormous yolk of the fowl is cut off; and an allantois 
arises in the same way. There is no need to give special 
diagrams—Figures 3, 46, 5, and 6 of the fowl will do in all 
respects, except proportion, for the development of the 
rabbit. The differences are such as we may account for, not 
on the supposition that the rabbit’s ovum never had any yolk, 
but that an abundant yolk has been withdrawn from it. The 
nutrition of the embryo by yolk has been superseded by 
some better method. The supposition that the rabbit 1s 
descended from ancestors which, hke the birds and reptiles, 
laid eggs with huge quantities of yolk, meets every circum- 
stance of the case. 


§ 38. But the allantois and yolk sac of the rabbit, though 
they correspond in development, differ entirely in function 
from the similar organs of the fowl. The yolk sac is of the 
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very smallest nutritive value; instead of being the sole 
source of food, its contents scarcely aval the young rabbit 
at all as nourishment. Its presence 1n development is diffi- 
cult to account for except on the supposition that it was 
once of far greater importance. At an early stage, the out- 
erowing allantois, pushing 1n front of it the serous membrane, 
is closely applied to the lining of the mother’s uterus. The 
maternal uterus and the embryonic allantois send out finger- 
lke processes into each other which interlock, and the tissue 
between the abundant blood-vessels in them thins down to 
such an extent that nutntive material, peptones and carbo- 
hydrates, and oxygen also, diffuse freely through it from 
mother to foetus,* and carbon dioxide, water, and urea from 
the foetus to the mother. The structure thus formed by the 
union of the wall of the maternal uterus, allantois, and the 
intermediate structures 1s called the placenta. Through its 
intermediation, the young rabbit becomes, as it were, rooted 
and parasitic on the mother, and utilizes her organs for its 
own alimentation, respiration, and excretion. It gives off 
CO,, H,O, and urea, by the placenta, and it receives O and 
elaborated food material through the same organ. This is 
the better method that has superseded the yolk. 


§ 39. In its later development, the general facts already 
enunciated with regard tc the organs of frog and fowl hold, 
and where frog and fowl are stated to differ, the rabbit 
follows the fowl. In the circulation the left fourth vas- 
cular arch (second branchial) gives rise to the aortic arch ; 
in the right the corresponding arch disappears, except 
so much of it as remains as the innominate artery. The 
azygos vein (Ch. III.) is derived from the nght posterior 
cardinal sinus. Both pulmonary arteries in the rabbit are 
derived from the /efé sixth vascular arch (= fourth bran- 
chial). Cp. § 82. The allantois altogether disappears in 
the adult fowl ; in the adult mammal a portion of 1ts hollow 
stalk remains as the urinary bladder, and the point where 1t 
left the body is marked by the wmbsliceus or navel. The 
umbilical arteries become the small hypogastric arteries on 
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either side of the urinary bladder, ‘There is no trace cfa 
pronephros at all in the rabbit. 


§ 40. Wemay note here the development of the eye. This 
is shown in Figure4,Sh. XXIV. A hollow cup-shaped vesicle 
from the brain grows out towards an at first hollow cellular 
ingrowth from the epidermis. The cavity within the wall 
of the cup derived from the brain is obliterated, and the 
stalk withers, the cup becomes the retina, and thence fibres 
erow back to the brain to form the optic nerve. The 
cellular ingrowth is the lens. The remainder of the cye- 
structures are of mesoblastic origin, except the superficial 
epithclium of the cornea. The retinal cup is not complete at 
first along the ventral linc, so that the mm of the cup, 
viewed as in Fig. 1, 7, is horseshoe shape. In all other 
sense organs, as, for instance, the olfactory sacs and the ears, 
the percipient epthclium is derived from the cpiblast directly, 
and not indirectly through the nervous system. These re- 
marks apply to all vertebrate types. 


§ 41. The supposition that the general characters of the 
rabbit’s ovum were stamped upon it as an heritage from a 
period when the ancestors of the mammals were egg-laying 
reptiles, is strengthened by the fact that the two lowest and 
most reptile-lke of all the mammalia, the duck-billed 
platypus and the echidna, have been shown to depart from 
the distinctive mammalian character, and to lay eggs. And, 
in further confirmation of this supposition, we find, in tracing 
the mammals and reptiles back through the ecological record, 
that in the Permian and Triassic rocks there occur central 
forms which combine, in a most remarkable way, reptilan 
and mammalian characteristics. 


§ 42. In conclusion, we would carnestly recommend the 
student to see more of embryological fact than what 1s given 
himhere. It is sceing and thinking, much more than reading, 
which will enable him to clothe the bare terms and phrases 
of embryology with coherent knowledge. In Howes’ Atlas 
of Biology there is a much fuller series of figures of the 
frog’s development than can be given here, and they are 
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drawn by an abler hand than mine can pretend to be. There 
is also an Atlas d’Embryologie, by Mathias Duval, that 
makes the study of the fowl’s development entertaining and 
altogether delightful. Such complete series as these are, from 
the nature of the case, impossible with the rabbit. Many 
students who take up the subject of biology do so only as an 
accessory to more extended work in other departments of 
science. ‘To such, practical work in embryology is either 
altogether impossible, or only possibly to a very limited 
extent. The time it will consume is much greater, and the 
intellectual result 1s hkely to be far less than the study of 
such plates as we have named. 


V.—The Theory of Evolution. 


43. We have now considered our types, both from the 
standpoint of adult anatomy and from embryological data; 
and we have seen through the vertebrate scries a common 
structure underlying wide diversity in external appearance 
and detailed anatomy. We have seen a certain intermediate- 
ness of structure in the frog, as compared with the rabbit and 
dog-fish, notably in the skull and skeleton, in the circulation, 
in the ear, and in the reduced myomeres; and we have seen 
that the rabbit passes in these respects, and in others, through 
dog-fish- and frog-like stages in its development, and this 
alone would be quite sufficient to suggest that the similarities 
of structure are due to other causes than a primordial adap- 
tation to certain conditions of life. 


§ 44. It has been suggested by very excellent people that 
these resemblances are due to some unexplained necessity of 
adherence to type, as though the power that they assume 
created these animals originally, as they are now, coupled 
creative ability with a plentiful lack of ideas, and so perforce 
repeated itself with impotent variations. On the other hand, 
we have the supposition that these are ‘‘ family likenesses,”’ 
and the marks of a common ancestry. ‘This 1s the opinion now 
accepted by all zoologists of repute. 


§ 45. It must not be for a moment imagined that it is 
implied that rabbits are descended from frogs, or frogs from 
dog-fish, but that these three forms are remote cousins, derived 
from some ancient and far simpler progenitor. But since both 
rabbit and frog pass through phases like the adult condition 
of the dog-fish, 1t seems probable that the dog-fish has remained 
more like the primordial form than these two, and similarly, 
the frog than the rabbit. 


§ 46. Hence we may infer that the mammals were the last 
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of the three groups, of which we have taken types, to appear 
upon the earth, and that the fishes preceded the amphibia. 
Workers in an entirely independent province, that of palae- 
ontology, completely endorse this supposition. The first 
Vertebrata to appear in the fossil history of the world are 
fishes; fish spines and placord scales (cp. dog-fish) appear in the 
Ordovician rocks. In the coal measures come the amphibia ; 
and in the Permo-triassic strata, reptile-like mammals. In 
the Devonian rocks, which come between the Silurian and 
the coal measures, we find very plentiful remains of certain 
fish called the depnor, of which group three genera still 
survive ; they display, mn numberless features of their 
anatomy, transitional characters between true fish and am- 
phibia. Similarly, in the Permian come mammal-like rep- 
tiles, that point also downward to the amphibia. We find, 
therefore, the story told by the ovum written also in the 


rocks. 


§ 47. Now, when this fact of a common ancestry 1s con- 
sidered, 1t becomes necessary to explain how this gradual 
change of animal forms may have been brought about. 


§ 48. Two subcontrary propositions hold of the young of 
any animal. It resembles in many points its parent. It 
differs in many points from its parent. The general scheme 
of structure and the greater lines of feature are parental, 
inherited ; there are also novel and unique details that mark 
the individual. The first fact 1s the law of inheritance ; 
the second, of variation. 


§ 49. Now the parent or parents, since they live and 
breed, must be more or less, but sufficiently, adapted to their 
conditions of living—more or less fitted to the needs of life. 
The variation in the young animal will be one of three kinds: 
it will fit the animal still better to the conditions under which 
its kind live, or it will be a change for the worse, or it 1s 
possible to imagine that the vari 
variations of domesticated cats—will affect its prospects in 
lite very little. In the first case, the probabilty is that the 
new animal will get on in life, and brecd, and multiply above 
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the average; 1n the second, it 1s probable that, in the com- 
petition for food and other amenities of life, the disadvantage, 
whatever it 1s, under which the animal suffers will. shorten 
its career, and abbreviate the tale of its offspring; while, in 
in the third case, an average career may be expected. Hence, 
disregarding accidents, which may be eliminated from the 
problem by taking many cases, there is a continual tendency 
among the members of a species of animals in favour of the 
proportionate imerease of the mdividuals most completely 
adapted to the conditions under which the species lives. 
That 1s, while the conditions remain unchanged, the animals, 
considered as one group, are continually more highly perfected 
to live under those conditions. And under changed conditions 
the specific form will also change. 


§ 50. The idea of this process of change may be perhaps 
rendered more vivid by giving an Imaginary concrete instance 
of its working. Inthe jungles of India, which preserve a state 
of things which has existed for nmmemorial years, we find 
the tiger, his stripes simulating jungle reeds, his noiseless 
approach learnt from nature in countless millions of lessons 
of success and failure, his perfectly powerful claws and 
execution methods; and, living in the same jungle, and with 
him as one of the conditions of hfe, are small deer, alert, 
swift, light of build, inconspicuous of colour, sharp of hearing, 
keen-eyed, keen-scented—because any downward variation 
from these attributes means swilt and certain death. To 
capture the decr is a condition of the tiger’s hfe, to escape 
the tiger a condition of the deer’s; and they play a great 
contest under these conditions, with life as the stake. The 
most alert decr almost always escape ; the least so, perish. 


§ 51. But conditions may alter. for instance, while most 
of these deer still live in the jungle with tigers, over a con- 
siderable area of their habitat, some change may be at work 
that thins the jungle, destroys the tigers m it, and brings in, 
let us say, wolves, as an enemy to the deer, mstead of tigers. 
Now, against the wolves, which do not creep, but hunt 
noisily, and which do not spring suddenly upon prey, but 
follow by scent, and run it down in packs, keen eyes, sharp 
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ears, acute perceptions, will be far less important than endur- 
ance inrunning. The deer, under the new conditions, will 
need coarser and more powerful limbs, and a larger chest ; it 
will be an advantage to be rough and big, instead of frail 
and inconspicuous, and the ears and eyes need not be so 
large. The old refinements will mean weakness and death; 
any variation along the line of size and coarseness will be 
advantageous. Shght and delicate deer will be continually 
being killed, rougher and stronger deer continually escaping. 
And so gradnally, under the new circumstances, if they 
are not sufficient to exterminate the species, the finer 
characteristics will be eliminated, and a new variety of our 
old jungle deer will arise, and, if the separation and contrast 
of the conditions 1s sufficiently great and permanent, we may, 
at last, in the course of ages, get a new kind of deer specifi- 
cally different in its limbs, body, sense organs, colour, and 
instincts, from the deer that hve in the jungle. And these 
latter will, on their side, be still continually more perfected 
to the jungle lite they are leading. 


52. Take a wider range of time and vaster changes of 
condition than this, and it becomes possible to imagine how 
the social cattle—with their united front against an enemy, 
fierce onslaught, and their general adaptation to prairie life— 
have differentiated from the ancestors of the slight and 
timid deer; how the patient camel, with his storage hump, 
water storage, and feet padded against hot sand, has been 
moulded by the necessity of desert life from the same 
ancestral form. And so we may work back, and lnk these 
forms, and other purely vegetarian feeders, with remoter 
cousins, the ancestral hogs. Working in this way, we 
presently get a glimpse of a possible yet remoter connection 
of all these hoofed and mainly vegetarian animals, with 
certain ‘‘ central types”? that carry us across to the omni- 
vorous, and, in some cases, almost entirely vegetarian bears, 
and to the great and prosperous family of clawed meat-eaters. 
And thus we elucidate, at last, a thread of blood relation- 
ship between the, at present, strongly contrasted and antago- 
nistic deer and tiger, and passing thence into still wider 
generalizations, it would be possible to connect the rabbit 
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playing in the sunshine, with the frog in the ditch, the 
dog-fish in the sea-waters and the lancelet in the sand. For 
the transition from dog-fish to rabbit differs from the transi- 
tion from one species of deer to another only in magnitude : 
it is an affair of vast epochs instead merely of thousands of 
years. 


§ 53. It would, however, be beyond the design of this 
book to carry our demonstration of the credibility of a common 
ancestry of animals still further back. But we may point 
out here that it is not a theory, based merely upon one set 
of facts, but one singularly rich in confirmation. We can 
construct, on purely anatomical grounds, a theoretical pedt- 
eree. Now the independent study of embryology suggests 
exactly the same pedigree, and the entirely independent 
testimony of palaecontology is precisely in harmony with the 
already confirmed theory arrived at in this way. 


§ 54. It isin the demonstration of this wonderful unity in 
life, only the more confirmed the more exhaustive our analysis 
becomes, that the educational value and human interest of 
biology chiefly les. In the place of disconnected species 
of animals, arbitrarily created, and a belief in the settled 
inexplicable, the student finds an enlightening realization of 
uniform and active causes beneath an apparent diversity. 
And the world is not made and dead lke a cardboard model 
or a child’s toy, but a living equilibrium ; and every day and 
every hour, every living thing is being weighed in the 
balance and found sufficient or wanting. 


Our little book is the merest beginning in zoology; we 
have stated one or two groups of facts and made one or two 
suggestions. The great things of the science of Darwin, 
Huxley, Wallace, and Balfour remain mainly untold. In 
the book of nature there are written, for instance, the 
triumphs of survival, the tragedy of death and extinction, the 
tragi-comedy of degradation and inheritance, the gruesome 
lesson of parasitism, and the political satire of colonial 
organisms. Zoology 1s, indeed, a philosophy and a literature 
to those who can read its symbols. In the contemplation 
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of beauty of form and of mechanical beauty, and in the intel- 
lectual delight of tracing and elucidating relationships and 
criticising appearances, there is also for many a great reward 
in zoological study. With an increasing knowledge of the 
facts of the form of life, there gradually appears to the 
student the realization of an entire unity shaped out by 
their countless, and often beautiful, diversity. And at last, 
in the place of the manifoldness of a fair or a marine store, 
the student of biology perceives the infinite variety of one 
consistent and comprehensive Being—a realization to which 
no other study leads him at present so surely. 


To the student who feels inclined to amplify this brief 
outhne of Vertcbrate Anatomy, we may mention the follow- 
ing books: Wicdersheim’s and Parker’s Vertebrates, Huxley’s 
Anatomy of the Vertebrata, Flower’s Osteology of the Mlam- 
mata, Wallace’s Distribution, Nicholson and Lyddeker’s 
Palaeo:.talogy (Vol. II.), the summaries in Rolleston’s Forms 
of An mal Lvfe (where a bibliography will be found), and 
Balfour’s Linbryology. But reading without practical work 
‘is a dull and unprofitable method of study, 


Questions on Embryology. 


{ All these questions were actually set at London University 
Examinations. | 


1. Describe the changes in the egg-cell which precede 
fertilization; describe the process of fertilization and the 
formation of the primary cell-layers, as exhibited in three of 
the animal types known to you. What is the notochord, 
and how 1s 1t developed in the frog ? 


2. Describe the early stages in the development of the 
ege of the fowl as far as the closure of the neural groove. 
How.do you account for the primitive streak ? 


3. Describe the cleavage and the surface appearances of 
the egg of the frog and of the rabbit, up to the time when 
the first gill-slits appear in the embryo. Give illustrative 
diagrams of what you describe. 


4. Describe the structure and cleavage of the ovum (a) of 
the frog, (6) of the fowl, and (c) of the rabbit. (d@) Explain 
as far as possible the differences in the cleavage of these 
three eggs. (e) Point out how the embryo is nourished in 
each case, and (f) describe the constitution of the placenta 
m the rabbit. 


5. (a) What are the protovertebrae? (6) How does the 
notochord originate in the frog? (c) How are the vertebrae 
laid down in the tadpole? (d) Describe the vertcbral 
column of the adult frog. (¢) In what important respects 
do the centra of the vertebrae of the frog, the dog-fish, and 
the rabbit differ from one another ? 


6. Give an account of the more important features in the 
development of the frog. 


7. What temporary organs are developed in the embryo 
frog which are absent from the embryo bird and mammal, 
and what in the two latter which are absent from the 
former ? 
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8. Draw diagrams, with the parts named, of the heart and 
ereat arteries of the frog, giving descriptions only in so far 
as 1s necessary to explain your diagrams; trace the develop- 
ment of these structures in the tadpole; point out particu- 
larly in which of the embryonic visceral (branchial) arches 
the great arteries of the adult run. 


9. Trace the history of the post-oral mill-shts and their 
accompanying cartilaginous bars and vascular arches in the 
frog, fowl, and rabbit. 


10. Give a short account, with illustrative figures, of the 
mode of formation of the primary germinal layers in am- 
phioxus and in the frog. What explanation can you give of 
the differences between the two cases ? 


11. Give a short account, with diagrammatic figures, of 
the principal changes which occur in the circulatory and 
respiratory organs during the metamorphosis of the tadpole 
into the frog. 


12. How do protozoa differ from higher animals (metazoa) 
as regards (a) structure, (6) reproduction ? Compare the 
process of fission in an amoeba with the segmentation of the 
ovum in amphioxus, pointing out the resemblances and 
differences between the two cases. 


Miscellaneous Questions. 


[Most of these questions were actually set at the Biological 
Examinations of London University. | 


1. Describe (a) the digestive, (6) the circulatory, (c) the 
excretory, and (d) the reproductive organs of the amphioxus. 


2. Describe the stomach and intestines of the dog-fish and 
rabbit, and point out in what way their differences are 
connected with diet. 

3. Describe the mechanism of respiration in the adult 
frog, and contrast it with that of the tadpole. 

4, Give an account of the structure of the epidermis and 
its outgrowths in the frog and the rabbit. 

5. Describe the organs of circulation (heart and main 
arteries and veins) and respiration in the frog in its mature 
and immature states. 

6. Give a brief account of the physiology of respiration. 
Describe fully the means by which respiration is effected in 
the following animals:—frog, amphioxus, rabbit, and dog-fish. 


7. Describe the minute structure of the blood of the 
rabbit, frog, and amphioxus. 


8. Describe and illustrate by means of sketches the chief 
points of difference between the skeleton of the rabbit as a 
typical mammal, and that of the common frog as a typical 
amphibian. 

9. (a) Explain what is meant by the term ‘‘central nervous 
system.” (6) Describe the tissue elements which enter into 
its composition. (¢) Explain, as far as you can, the function 
of each structure described. (d) How is the central nervous 
system developed in the frog, and (¢) in the rabbit ? (/) What 
conclusions may be drawn from the facts stated as to the 
origin of the central nervous system in evolution ? 

10. Give an account of the structure (including histology) 
and of the functions of the spinal cord and spinal nerves of 
the frog. . 
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11. Give a description of the minute structure and 
chemical characters of the following tissues as seen in the 
frog :—cartilage, bone, muscle. From which of the primary 
cell. -layers of the emt ryo are they respectively developed ? 


12. What substance is excreted by the renal organ of a 
frog, and what relation does this substance bear to the 
eencral life of the organism’? Describe the parts by which 
similar exerction is believed to be effected in amoeba, hydra, 

earthworm, mussel, and lobster. 


13. Describe, with illustrative sketches, the structure of 
the connective tissue, cartilage, and miaeculan tissue of a 
frog. Also describe the structure of the muscular tissue of 
the lobster and snail. 


14. Give an account of the more important features in the 
development of the frog. 


15. Describe and compare the structure of the renal organs 
in a frog and a rabbit. 

16. Give an account of the structure of the genito-urmary 
organs of the frog. Compare these organs of the frog with 
those of the dog-fish and of the rabbit. Distinguish in each 
case the conditions of the two sexes, and describe briefly the 
microscopic structure and development of the ova and of the 
spermatozoa. 


17. Describe, with diagrams, the arrangement of the 
urinary and ¢ venerative organs in the male < (a) the rabbit, 
(6) the dog-tis sh, and (¢) the frog; (d) poimt out the most 
important differences between them. 


18. (@) Describe the structure of the ovarian egg of the 
rabbit, (6) and of the pigeon, (¢) and of the frog; (d) from 
what part of the embryo do they originate ? (¢) What is 
the structure and origin of the ovarian follicle in the rabbit, 
and (f) of the ovarian stroma? (¢) What is the ‘‘ granulosa” 
and what the ‘ zona pellucida’? 

19. Describe the pre-segmentation changes, mode of im- 
pregnation, and early stages of development in the ovum of 
the frog, as far as the closure of the neural canal. 

20. Lliustrate, with diagrams, from the structure of typical 
organisms, the principle of repetition of simular parts, 





Note on Making Comparisons. 


Students preparing for examinations are frequently troubled 
by ‘‘comparison’”’ questions. Tabulation is often recom- 
mended, but we are inclined to favour a rather more flexible 
plan of marking off differenees and resemblances. In tabu- 
lation a considerable loss of time is occasioned by writing 
down the features of both the thmgs compared, and this is a 
scrious consideration for the examinee. We advisc him 
therefore, first, if he possibly can, to draw side by side and in 
corresponding positions the two things under considcration, 
and then, gomg over them im a methodical way, to state 
simply the difference between each homologous part. We 
append as examples three test answers actually submitted 
(with figures) in ‘‘ Correspondence”’ work, 


1. Compare the brain of the frog with that of the rabbit. 


In the frog’s fore-brain— 

The olfactory lobes are fused in the middle line. 

There is no corpus callosum, nor is there a middle com- 
missure to the third ventricle. 

The cerebral hemispheres are not convoluted, and, looked 
at from the dorsal aspect, do not hide the thalamen- 
cephalon and mid-brain. 

The pincal gland les in the cranial wall and not dceply 
between the hemispheres, and its stalk is longer and 
tilts forward. 

In the med-brain— 

The optic lobes are two, instead of being corpora quadri- 

gemina, and hollow. 


In the hind-brain— 
The cerebellum is a very small transverse band, and has 
no lateral parts. 
The medulla is relatively larger. 
There are no spinal accessory nor hypoglossal nerves te 
the brain. | 
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2. Compare the vertebrae of dog-fish, rabbit, and frog. 


The centra of the dog-fish are emphi-coelous (4.e., hollow 
at cither end). 

The centra of the rabbit are flat-faced. 

The centra of the frog are prococlous (hollow in front). 

The notochord persists between the centra in the dog-fish 
and rabbit, within the centra in the frog. 

The centra of the rabbit have epiphyses, absent in the 
dog-fish and frog. 

The transverse processes of the rabbit typically bear ribs. 
Short ribs occur in the dog-fish, but their homology with 
those of the rabbit is doubtful. The frog has no ribs. 

The interneural plates are peculiar to the dog-fish in this 
comparison. 


3. Compare the skull of the dog with that of the frog. 


The Brain Case— 

Of the frog is a cylindrical box, from which the otic 
capsules project conspicuously on either side. It contains 
only two ossifications in its cartilaginous substance (the 
sphen-ethmoid and the ex-occipital), bemg protected by 
the membrane bones, the paricto-frontals above and the 
parasphenoid below. 

[n the mammal it is enormously inflated, and the otic cap- 
sules are imbedded in its wall. There are supra- and 
basi- as well as ex-occipital bones; the parasphenoid is 
(? entirely) gone, and its place is taken by the basi- and 
pre-sphenoids, and the lateral walls contain fresh paired 
ossifications, the ali- and orbito-sphenoids—all cartilage 
bones. ‘The sphenethmoid 1s perhaps represented in part 
by the ethmoid. 

As a result of the inflation of the brain-case, the squamosal, 
which slopes downward and outward in the frog, and 
overlies the cartilaginous suspensorium (quadrate car- 
tilage), has become a constituent of the brain-case wall, 
and slopes downwardly and in. 





Jaw Suspension. 
Lhe point of attachment of the jaw has shifted outward, 
and the original suspensorial cartilage (the quadrate) 


NOTE ON MAKING COMPARISONS. 139 


has taken on a new and minor function as the incus of 
the middle ear—the squamosal superseding it as the 
suspensory part. 


Lower Jaw. 
Distinct bones in the from: one mass in the doe. 


oO) 
Otie Capsule. 

Position as specified. One centre of ossification in the 
frog, forming pro-otic; several fuse together and form 
periotic of the dog. 

There is no bulla and no external ear in the frog. 

Palate. 

In the frog the posterior nares open into the front of the 
mouth. In the dog the maxillae and palatines send 
plates down and in (the palatine plates) to cut off a 
nasal passage from the rest of the buccal chamber, and 
carry the posterior nares back to the pharynx, thus 
cutting the vomer off from the mouth roof. 

The pterygoids in the dog are much reduced, and do not 


reach back to the suspensorium. 
‘ 


The frog has‘no lachrymal bone. 





SYLLABUS OF PRACTICAL WORK. 


WeE would impress upon the student at the outsct the 
importance of some preliminary reading before dissection is 
undertaken. No one would dream of attempting to explore 
a deserted city without some previous study of maps and 
eulde-books, but we find again and again students under- 
taking to explore the complicated anatomy of a vertebrated 
animal without the slightest, or only the slightest, preparatory 
reading. ‘This is ontir ely a mistake, A “student should be 
familiar with the nomenclature of the structures he contem- 
plates examining, he should have some idea of their mutual 
relations and functions, or his attention will mevitably be 
diverted by the difficulty of new names and physiological 
questionings to the neglect of his dissection, and that care- 
ful observation of form and mutual position which is the 
essential object of dissection. On the other hand, it 1s 
equally necessary—perhaps more to warn students 
acainst the bookish fallacy, and to assure them of the abso- 
lute impossibility of realizing bint sal facts from reading 
alone. Practical work can a alone confirm and complete the 
knowledge to which the text-book isthe guide. Im scientific 
teaching it may sometimes be convenicnt for the thought to 
preeede the thing, but until the thing has been dealt with 
the knowledge gained is an unsatisfactory and unstable 
possession. 

For such dissection as the subject-matter of this book 
requires, the following appliances will be needed :— 

(a) Two or three scalpels of variotis sizes. 

(6) Scissors, which must taper gradually, have straight 
blades, and be pointed at the ends, and which 
must bite right up to the tips (or they are use- 
less). Two pairs, small and lerge, are advisable 
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(¢) forceps, which must hold firmly, and meet truly at 
the points. 

(d) Two necdles sct in wooden handles 

(é¢) An ordinary watchmaker’s eye-glass is very helpful, 
but not indispensable. 

(7) A dissecting dish—an ordinary pie dish will do— 
into which melted parafiin wax has been poured, 
to the depth of, say, three-quarters of an inch, 
and allowed to sohdify. (This wax may be 
blackened by mixture with lampblack. If the 
wax floats up at any time, it can, of course, be 
remelted. Or it may be loaded with lead. ) 

(g) A rough table or board (for the rabbit and dog-fish). 

(A) Blanket pins, and ordinary pins. 

(7) A pickle or other wide-mouthed jar, and some 
common methylated spirit. 

(7) A microscope, with low power of lin. or F1n., and 
high power +in. or din. Glass slips and cover 
glasses, and a bottle of very weak (1 per cent.) 
solution of salt. 

Animals for dissection may be obtained from the recognised 
dealers, who usually advertise in such scientific periodicals 
as ature, Natural Sevence, and Anowledge. Sinel (naturalist, 
Jersey) 1s the most satisfactory dealer in dog-fish in our ex- 
verience; Bolton (Malvern) will supply clinphiovus through 
the post; frogs and rabbits may be obtained anywhere. The 
tame variety of rabbit is quite satisfactory for the purpose of 
dissection. 

The following notcs may possibly be of some use to the 
student; they follow the hnes of the work arranged by the 
author for the evening classes of the University Tutorial 
College, classes considerably restricted as regards time, 
when compared with ordinary laboratory workers. Most of 
the sections below occupicd about three hours, but for a student 
working alone they are more likely to take four or five, and 
even then it 1s not probable that they will be so satistac- 
tory as if performed under skilled supervision. There are 
many points extremely difficult to convey verbally which are 
clucidated at once by actual demonstration upon a specimen. 
Each of these dissections should be repeated, and it is well if 
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a different condition of the type 1s selected for the repetition— 
an old one if the first specimen was immature, a female if 
the first was a male. 


THE Raspit 


May be killed by chloroform, or potassium cyanide, or 
drowned. It may also be readily suffocated with house- 
hold gas. It should be killed immediately before use, as 
otherwise the gastric juice attacks the wall of the stomach, 
and the dissection is, in consequence, rendered extremely dis- 
agreeable. A very young rabbit is unsatisfactory as regards 
the genitalia, but otherwise there is no objection to a httle 
one, and it has this advantage—that it may be immersed more 
conveniently under water, in a large pie dish, for purposes of 
fine dissection. The external features of the animal should 
be examined : eyelids, whiskers and teeth, toes, anus, perineal 
space on either side of the same, urogenital opening, and 
position of the ribs, vertebral column, and limb girdles 
beneath the skin should be made out. Then the animal 
should be pinned out through the legs, the ventral surface 
uppermost, the skin opened up along the middle lhne from 
pelvic girdle to symphyses of jaw; separated from the body 
wall below by means of the handle of a scalpel, and turned 
back; and then the abdominal wall should be cut into and 
two flaps pinned hack to expose its conteuts. Note the 
xiphisternum. The caecum and colon will be recognised 
(§ 16); the stomach, the right and left central, and left lateral 
lobes of the liver will probably be apparent ; and the urinary 
bladder (especially if distended) 1n the middle line behind. 
Without any further dissection, but simply by turning the 
parts over, all the structures of the abdomen in Figure 1, 
Sheet I., will be identified. Seek especially for and note 
particularly, the gall bladder, bile duct, and portal vein, pan- 
creatic duct, sacculus rotundus, vermiform appendix, ureters 
(by pulling urinary bladder forward), genital ducts (looping 
over ureters), spleen, kidneys, and adrenals. The vena cava 
interior is seen dorsally. The genital duct guides the student 
to the genital gland; if the subject is a male, the testes may 
be exposed by dissection, or by pulling the vas deferens 
gently the scrotal sac will be turned inside out, and the testes 
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brought into view. The ovary lies exposed without dissec- 
tion posterior to the kidney. Examine all this carefully, and 
make small sketches of points of interest—the duodenal loop 
and the pyloric end of the stomach, for stance; the meeting 
of colon, cecum, and sacculus rotundus again; or the urinary 
bladder and adjacent parts. Note the dorsal aorta and vena 
cava and their connexions behind. (Compare figure of circu- 
lation.) Cut through pelvic girdle, and remove one hind leg, 
to see the bladder and genital ducts better (cp. Sheet X.). 
Wash away any blood that may flow. Turn all the intestines 
over to the animal’s rzght, and see the dorsal aorta and vena 
cava inferior of the abdomen, the inferior mesenteric artery, 
and the spermatic (or ovarian) artery (ep., of course, with 
figure in book). In front, immediately dorsal to the spleen, 
is a variable quantity of lymphoidal tissue, which must be 
very carefully cleared to see the superior mesenteric and 
coeliac arteries. Separate Spigelian lobe from stomach, and 
look for vagus nerve descending by oesophagus, solar plexus 
around the superior mesenteric artery, and thrown up very 
distinctly by the purple vena cava inferior beneath, and the 
splanchnic nerve. ‘To see the abdominal sympathetic behind, 
eently remove the peritoneum that les on either side of the 
aorta; blood-vessels will be seen running in between the 
vertebral bodies, and the sympathetic chain, with its gangha, 
made out very distinctly, as it runs across them longitudinally. 
Now cut oesophagus just in front of stomach, and cut the 
rectum, cut through the mesentery supporting the intestine, 
and remove and unravel alimentary canal; cut open, wash 
out, and examine caecum and stomach. Bleeding to a con- 
siderable extent 1s mevitable, chiefly from the portal vein. 
The liver had better remain if the same rabbit 1s to serve for 
the second dissection. 


Second Dissection.—Skin front of thorax and neck. 
Note subclavian veins running out to fore limbs—avoid cut- 
ting these. Cut through ribs and remove front of thorax, to 
expose its contents; cut up middle lne of neck, and clear off 
small muscle bands, to expose bloodvessels; pick away care- 
fully whatever is left of thymus gland; make out structure 
of heart and blood-vessels, as described in Chapter ILI.; note 
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larynx and trachea. Now procced to the examination of the 
nerves of this region. See phrenic nerve, by vena cava 
inferior, and between heart and Iungs, and sympathetic, 
running over the heads of the ribs. By the common carotids 
will be found the large white vagus nerve, the greyish sym- 
pathetic, and a small branch of X., the depressor. Make out 
branches of X. named in text. The big white cervical spinal 
nerves will be evident dorsally. Clear forward into the angle 
between the jaw and the bulla tympani, to see XII. and XL. ; 
IX. will be found lying deeper, dorsal to the carotid artery 
and body of the hyoid. Compare with figure given of this. 
Skin the cheek, and see VEL. running over it. Cut through 
malar and remove it; cut through lower jaw-bone and 
turn it back, to see the third branch of the fifth nerve on 
its inner side; examine the muscles of eyeball, and remove 
it, to expose the first and second branches of VY.—the latter 1s 
especially deep within orbit. Remove, open, wash out, and 
examine the heart. Shave off the dorsal wall of cranium, to 
expose hemispheres of brain, and then put the head in strong 
spirit for a week or so. With a second rabbit, this dissection 
may advantagcously be varied by removing the lower jaw, 
cutting through soft palate, aud observing openings of the 
Kustachian tubes. The tonsils (on the ventral side of the soft 
palate) must not be confused with these. The heart should 
also be cut out, washed out, and examined. (Cp. §§ 88, 44.) 


Third Dissection.—( Before this is performed the mam- 
malian skull should have been studied and examined.) Take 
the head of a rabbit, the brain of which has been hardened 
by spirit, and carefully remove cranium; be particularly 
careful in picking away the periotic bone, on account of the 
floccul: of cerebellum. It 1s difficult to avoid injury to the 
pituitary body embedded in the basisphenoid bone. Examine 
with the help of Sheet VIII. Make the sections there 
indicated. 

Tre Froe 
May be killed by drowning in dilute methylated spirit, or by 
chloroform. Take a recently-killed frog, and cxamine a droyi 
of its blood, spread out on a glass slip, under the microscope ; 
compare It ‘with your own. Before using the high power, 
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put a cover glass over the object, of course. Scrape the 
roof of the mouth of the frog gently, to obtain ciliated epi- 
thelium, and mount in very weak salt solution—the cilia will 
still be active. Squamous epithelium may be seen by the 
student simuarly scraping the mterior of his own check. 
Take a piece of muscle from one of the frog’s limbs, tease 
out with needles upon a glass slip, and examine. To see the 
striations clearly, the high power will be needed. Compare 
a& plece of muscle from the wall of the alimentary canal. 
Similarly examine nerve and connective tissue. 


First Dissection.—Pin out the frog im a dissecting dish, 
ventral surface uppermost, and cover with water. Open1 up the 
skin along the mid-ventral line. Note the large sub-cutaneous 
lymph spaces, the pelvic and. pectoral girdles, and the anterior 
abdominal vein. Cutinto the body cavity on one side of this 
latter, cut across in front of where the vein dips down to 
liver, and peel the body wall away from it. The xiphisternum 
will probably be cut in this operation. In early spring the 
females are greatly distended with ova, and the greater portion 
of the ovary may, with advantage, be removed. ‘The oviduct 
is dead white then, and larger and much more in evidence 
than the (pinkish) intestine even. Turn over the viscera, and 
compare with Sheet XI.; one lung is oiten found greatly 
inflated, and then projects back into the body cay ity; the 
stomach is, in some cases, pushed forward and hidden behind 
the shoulder eirdle. Observe the allantoic bladder, the spleen, 
eall bladder, portal vein, and pancreas. By squeezing the 
vall bladder gently, the bile duct will be injected with bile, 
and will be apparent if the stomach is turned over. The 
oesophagus, just in front of the stomach, should be cut 
through, and the rectum, and the mesentery and alimen- 
tary canal supported by it, removed. This will expose 
the urogenital organs. ( Vide Figures given.) These vary 
greatly, especially in the females, at different seasons. The 
condition figured would be seen in late autumn, or winter. 
In spring females are often found copulating with males, and 
then the ovary itself is inconspicuous, while the lower part 
of the oviduct is enormously distended with ova, so as to be 
mistaken sometimes for the ovary by those who ‘fail to note 


146 SYLLABUS OF PRACTICAL WORK. 


that the ova are enclosed by a thin semi-transparent skin 
(wall of oviduct). The vena cava inferior is seen between 
the kidneys and the renal portal vein beside the ureter. Cut- 
ting through the mesentery supporting the kidney laterally, 
the dorsal aorta 1s exposed, and on cither side of it the sym- 
pathetic chain and rami communicantes, often tinged with 
black pigment. This black pigment is afrequent but variable 
feature of the frog’s anatomy, and usually dapples or blackens 
the testes, and also sometimes darkens the otherwise pale 
pink arteries. Behind the kidneys the sciatic plexus also 
becomes visible. Careful drawings should be made. Cut off 
the head of the frog, shave off top of brain case, and put the 
head in strong spirit. 


Second Dissection.—A. fresh frog is required. Pin out 
under water as before, and open up body cavity. Now care- 
fully remove the muscle from the ventral portion of the 
shoulder girdle, to expose the clavicles and coracoids. 
Cut away xiphisternum, and then cut through clavicles and 
coracoids on cither side, and remove ventral part of shoulder 
girdle, to expose the heart. Open out the cut portions of 
body wall and pin. The veins going towards the heart should 
now, with a little examination, be evident. Make out the ex- 
ternal jugular, the innominate, and its two branches, and the 
pulmo-cutancous and vena cava superior. Clear by carefully 
picking away any shreds of semi-transparent tissue. Make 
out, by feeling, the position of the hyoid body, and of its 
anterior cornua. Note the hypoglossal nerve (first spinal) 
running ventral to this, and the ninth cranial nerve, running 
parallel to it but dorsal to the hyoid—hidden therefore by 
the hyoid, and reappearing 1n front. The vagus may also be 
made out less distinctly, running ‘‘postero-ventrally”’ towards 
the heart. By clearing the muscle by the ramus of the jaw, 
VII. may be seen, and the third branch of V., running across 
the jaw at about the middle of its length. Pick off the thin 
transparent pericardium from the heart very carefully, and 
proceed to cut away all the veins made out. The truncus 
arteriosus may then be followed up as it branches. Note all 
the branches shown in the figures in this book. ‘The precise 
position of the vessels will vary to a certain extent with the 
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attitude in which the frog is pinned. The cutaneous artery 
will prevent the student following up the aortic arch until it 
is cut ; then the arch may be followed round until it meets 
its fellow to form the dorsal aorta. Note the sympathetic 
again. Make careful drawings of all this. Cut off lower 
jaw, and note posterior nares and Eustachian openings. If 
time allows, remove the heart, and examine by cutting open 
and washing. (Cp. §44.) Remove eyeball, to see the first 
and second branches of the fifth nerve, and the Vidian 
(7.e. palatine) branch of the seventh. 


Third Dissection.— Read the account of the frog’s skull 
carefully. Take the head of a recently killed frog and drop 
into boiling water for a minute. Then pick off, very care- 
fully, muscle, connective tissue, nerves, &c., to clear the 
cranio-facial apparatus; examine the bones, compare with 
figures given in this book, and draw. ‘Take the head, which 
has been in spirit a fortnight or so, pick away cranium, and 
compare brain with figures given. JHxamine ventricles, by 
taking sections, after drawings have been made. 


Tue Docg-Fisu. 


First Dissection.— Examine external characters, nasal 
erooves—no internal nares—fins, spiracle, scales passing over 
lips, and cloaca. Cut off tail below the cloacal opening. The 
males are distinguished by the large claspers along the mner 
edge of the pelvic fin. Open up body cavity. Usually this 
is in a terrible mess in the fish supplied by dealers, through 
the post-mortem digestion of the stomach. Wash out all this 
under a stream of water from a tap or water-bottle. Fre- 
quently the testes are washed out of the male in this operation 
and ova from the loose ovaries in the female. Now compare 
with figure given in this book, allowing for the collapse of the 
stomach, if it has occurred. Cut through the oesophagus and 
rectum, and remove alimentary canal from body; cut open 
and wash out the intestine, and examine spiral valve. Now 
make a careful examination of the cloaca and its apertures, 
and dissect away the peritoneum hiding the kidney. In the 
female find the openings of the oviducts in front of the liver, 
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Remove liver, and cut off body now behind pectoral fin. 
Before throwing tail and hinder part of body away, note the 
myotomes of body wall, the notochord and vertebral body, 
neural canal, and, in the tail, the haemal canal. (See p. 87.) 
The notochord is a soit jelly. Cut away the ventral part of 
the pectoral girdle, to open pericardium. With a seeker, 
make out the pericardio-peritoneal opening. Cut into the 
sinus venosus, and run seckers into the Cuvierian and hepatic 
sinuses. Cut open the Cuvicrian and posterior cardinal 
sinuses, and run seckers into their afiluents. Dissect along 
the truncus arteriosus to atferent branchials. Cut away the 
heart and oesophagus ; run a secker upthe dorsat aorta and 
cut along it from the ventral side to the subclavian and 
efferent branchial arteries. Skin the top of the head. 
Note, while doing this, the yellow jelly-like sense-tubuh 
beneath the skin. Shave off top of brain-case, and leave the 
head in spirit for a week or so. 


Second Dissection.—Place the head with the ventral 
side downward ; skin all the dorsal surface as yet unskinned. 
Reter to book for precise position of the anterior cardinal 
sinus, and then cut down through body wall into this just 
over gill slits. The tenth nerve will become visible, with 
its ‘‘sht’’ branches athwart the floor of the smus. Clear to 
make this more evident, and make out its lateral line and 
visceral branches, and the ninth nerve. The pharyngo- 
branchials may be felt bencath the sinus. Run a seeker from 
the dorsal aorta to the eficrent branchials. Proceed now to 
orbit, and, without any dissection beyond the removal of skin, 
make out recti and oblique muscles of eyeball, and the »ptic, 
third, and fourth nerves. Cut through these structures care- 
fully and remove, exposing nerves seven and five, as described 
and figured in the text. Examine the otic capsule by taking 
successive slices through it to show the labyrinth of the ear. 
Examine brain. 


AMPHIOXUS. 


I'wo specimens of this type should be obtained. It should 
be examined entire by the naked eye and with the low 
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power of the microscope. Immersion in glycerine will render 
it more transparent ; or it may be cleared with oil of cloves, 
put up temporarily in that, or permanently in Canada balsam. 
One specimen should then be pinned out in the dissecting 
dish, ventral side uppermost, and the atrium opened to expose 
liver and pharynx. A part of the pharynx may be examined 
with the low power to see the form of the gill slits. The 
second specimen should be soaked in turpentine for some 
time, and then dropped into melted paraffin wax. Transverse 
sections may then be cut with a razor, the paraffin wax 
removed from these by solution in turpentine, th: turpentine 
in its turn dissolved out by alcohol, and the sections, after 
immersion in oil of cloves, may be transferred to Canada 
balsam for examination and preservation. This work should 
not be attempted until some practical histological work has 
been done in botany, and it may be altogether avoided by the 
purchase of stained and mounted sections. 


DEVELOPMENT. 


Laboratory work in this portion of the science is not 
usually undertaken by elementary students of biology, but 
the reader will probably find it helpful, in the realization of 
the facts given in this book, to look out for frog spawn in Feb- 
ruary and March, and to catch and examine tadpoles of various 
sizes. A small dissecting dish may be made by pouring 
melted paraffin wax into one of those shallow china pots che- 
mists use for cold-cream, and tadpoles may be pinned out with 
entomologists’ pins and dissected with needles. But this is a 
work of supererogation. Partially incubated hen’s eggs may 
be obtained at a small cost almost anywhere, and the later 
stages profitably examined and dissected under warm water. 
For a clear understanding of the allantois and amnion, this 
last 1s almost indispensable. A few microscopic slides of 
sections of embryonic chicks should also be compared with 
our rough diagrams. 


SHEET I. 


Figure 1. Main facts of the Rabbit’s Anatomy (diagrammatic). 


an., anus. 

a.ao., arch of the aorta. 
au., auricle. 

a.7., ad-renal body. 

br., brain. 

b. d., bile duct, 

breh., bronchus. 


cd. st., cardiac end of stomach. 


co., colon. 

cae., caecum. 
ddnm., duodenum. 
d. ao., dorsal aorta, 
dia,, diaphragm. 
ep., epiclottis. 


g. d., genital duct (either sex). 


il., ileum. 

an. art., innominate artery. 
k., kidney. 

ig., lung. 

lv., liver. 

sfm., sternum. 


i., larynx. 

l. ¢. ¢., left common carotid 
artery. 

m., mouth. 

n@., nasal passage. 

oes., oesophagus. 

p. v. pyloric valve. 

p.d., pancreatic duct. 

pt., peritoneal cavity. 

r., rectum, 

st., stomach. 

s. 7., sacculus rotundus, 

s. ¢, Bpinal ¢ord. 

tr., trachea, 

ur., ureter. 

ur. b., urinary bladder. 

v. b., a vertebral body. 

v. ap., vermiform appendix. 

v. p., velum palatium. 

%., ventricle of heart. 

v. ¢ %., vena cava inferior. 


Figure 2. The Liver (diagrammatic). 


g. b., the gall bladder. 


r.l,.¢., 11, le, right lateral and central, and left lateral aud 


“central, lobes respectively. 


sp., the Spigetian lobe (fits into angle of stomaoh and oesophagus). 





SHEET IL. 


Figure 1, The Rabbit's Circulation (see footnote to § 45). 


(Throughout !. indicates left, r. right. 


Vessels without r. or &. pre- 


fixed are median.) 


ao. a, aortic arch, 

au , auricle. 

az. v. (p. c. in Fig. 2), azygos 
vein, ; 

€. ¢., common carotid, 

ce. iL. a. common il. artery. 

coe. a., coeliac artery. 

d, ao,, dorsal aorta. 

e. il. v., external iliao vein. 

f., femoral artery. 

é. ju., external jugular vein. 

kh. u., hepatio vein. 

inn., innominate artery. 

in. j., internal jugular vein. 

t. tl, v, internal iliao vein, 

1. il, a., internal iliac artery. 

k,, kidney. 

lv., liver. 

i.g.v., lienogastrio vein (portal), 


m, v., mesenteric vein (portal 
system), 

p. m. a, posterior msenteric 
artery. 

p. v., main portal vein, 

p. a, pulmonary artery. 

r., restum. 

r. v., renal vein. 

r. a, renal artery. 

8. v. &a., spermatic (or ovarian) 
vein and artery (to genital 
organ). 

& més, d., Superior mesenterio 
artery. 

a.-cl. a., subclavian artery. 

acl, v., subolayian vein. 

v. ¢. 8, Vena Cava superior. 

vc. 4, vena, cave inferior, 

v. or vn,, ventricle. 


Figure 2. Figure of Circulation (simplified) illustrating certain 
points ia development to be referred to later. 


Figure 3. Respiration. See text, § 41. 


Figure 4. Blood. See text, § 26. 
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SHGET III. 
HistonocicaL Ficores, J, 


Il¥. An amoeba.—n., nucleus. ns., nuoleolus, 


¢. v., contractile 
vacuole, 


IV. Embryonio tissue from the blastoderm of a chick. 


¥. Columnar epithelium.—q. ¢ 1, g. ¢ 2,g. ¢. 3, saccessive phases 
in the development of a yoblet cell. 


VI. sq. ep., squamons epithelium (from the mncons membrane 
within the cheek), sg. ead., squamous eudothelium from the 
mesentery, s¢, are openiugs (stomata) communicating between the 
lymphatics in the mesentery and the peritoneal (coclomio) space. 
g. end. is germinating endothelinm ; the cells divide and apparently 
drop off to become white corpuscles in the lymph current, 


VIL. Ciliated epithelinm from the roof of the frog’s month. 


VIII. Forms of glands.—g. ep. is a gastric gland from the stomach; 
trs., below, is cross section. This is one of the simplest types of 
gland. s.g,,a sweat gland, is also a simple tube, but convoluted 
below. 1. g, is a racemose gland, such as tho pancreas, Brunner’s, 
or the salivary glands. The kidney, we shall sce later, is simply an 
aggregate of branching tubnli (Sh, VII.), 


1X, A duodenal villus,—v., the vein, lac., the lacteal, 


X.a. Diagram of liver structure,—/b, Ub., lobuli.  p, v., the portal 
vein bringing blood, from which substances are to be elaboratod, into 
the liver, and breaking up between the lobuli (inter-lobular), 
h.a., the hepatio artery, bringing blood to oxygenate and nourish 
the liver tissne, and similarly distributed. 6. d., the inter-lobular 
bile duct, kh. v., the hepatio vein taking blood from the liver to the 
heart, its twigs commencing iz the lobuli (intra-lobular), 


X.b. A diagram of the appearance of au injected liver lobule as 
seen iu section uuder the microscope. 
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SHEET IV. 
Hisrotocicat Diagrams, II. 


XI. A blood capillary. White corpuscles are migrating through 
the walls into the tissues (cp. § 66.). 


XII. Cyaline cartilage (§ 64). 


XIIL. ¢. ¢., connective tisaue corpusole. y.e.f., yellow elastio 
fibres. w.1.f., white inoelastio fibres. 


XIV. Botryoidal tigsue (§ 66). 


XV. Development of a fat drop.—/f. d., in ® connective tissue 
corpusele c¢.¢,, in the formation of adipose tissue (§ 67). 


XVI. Diagrammatio cross section of a long bone.—p.0.,periosteum. 
ol, outer lamellae. b.¢., bone oorpusole ina lacuna. H. v., Haver: 
sian vessel (in the Haversian oanal) surrounded by concentrio 
lamelle of bone, ¢. J., and, togetber with these and zones of bone 
corpuscles, called a Haversian system. 4.1, inner lamellae, m. cy, 
medullary canal full of yellow marrow, 


XVII. To illustrate bone development (§ 71). 


XVIIL. Dentition of rabbit, i$, ¢8, pm3, mj. 
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SHEET Y. 


DIAGRAM OF THE Rapait’s BONES. 


To be compared with the real things. 


. Dand D’ show the fore and hind limbs, to illustrate their homo- 
logy. D isin the embryonic position, The radius and tibia are, at 
an early stage in development, on the anterior edge of their respec- 
tive limbs; the ulna and fibula, posterior; the former are spoken of 
as preatial in position, the latter as postawial. But in the adult the 
humerns is tsvisted so that the proximal end of the radius lies at the 
outer side of the elbow, whence it crosses the ulna, so that its distal 
and is inside, while the femur is also twisted round, ao that the 
gntire tibia is internal, 


Fiqures land 2. Limps.—ac., acetabnlum. aer., acromion. as., 
astragalus, ¢, carpus. ca.,calcaneum. co. coracoid. cofy,, 
cotyloid bone. fb., fibula. fe., femur. 4., glenoid cavity (for head 
of humerus). hkd., headoffemur. hum., humerus. $., ilium. 
is. ischium. m.c., meta-carpals. na., navicular. o., oleeranon 
process of ulna. o.f., olecranon fossa. pb., pubia. 7, radius. 
u., ulna. 


Figure 3. SterNvuM.—M{b., manubinm.  sé., sternebrae. 7), 73, 
&c., sternal ribs. Xi., Xiphiaternum. 


Figure 4. VERTEBRAE.—At., Atlas. Aw, axis. 0b., centrum. 
C. V., caudal vertebra. CER. V., cervical vertebra. ep., epiphysis. 
f.r., fused rib (in cervical vertebrae), JL. ¥., Lumbar vertebra. 
m%., metapophysia (of lumbar vertebra). 7. a., neural aroh. 1.8., 
neural apine. 7, rib. &. V., sacra) vertebra. 1. V., Thoracio 
vertebra. fr. p., tranaverse process. v. a4. c., vertebrarterial canal. 
&., Zygapoplhiysis. 


SHEFT 





SHEET VI. 


The Skall of Cants—1. Dorsal. 
Aspect. 4, Section a little to the left of the nasal septum. 5. Lower 


jaw (smaller), 6, Hyoid apparatus. 


a. n., anterior nares, 

a, s., ali-sphenoid. 

b. kh, body of the hyoid. 
h, o., basi-occipital. 

b. sp., basi-sphenoid, 

c., condyle of the skull. 


c.f., condy lar foramen (for Xt). 


c. h., cerato-hyal. 

E.f., Bustachian foramen. 
é h., epihyal. 

€. 0, exoccipital. 

e. &, ethmo-turbinal. 

eth., ethmoid. 

f., frontal, 


f.la foramen lacernm anterius. 
j.im.foramen lacerum medium. 


f. l. p,, foramen lacerum poste- 


ring (for 4°55. 81s 
F. M., foramen maynilm, 
jf. o., foramen ovale. 
f. r., foramen rotundum, 
ju, jural, 


m., molars. 


2. Ventral, 3. Right Lateral 


m, t,, maxillo-turbinal. 

mzx., maxilla. 

na, nasal, 

vn, &, nagso-turbinal. 

o. f., optio foramen. 

0. s., orbito-spheuoid. 

pa., perietal. 

pal., palatine. 

p. m., pre-maxilla. 

p.m, p.m, premolars. 

p. m., posterior narcs. 

p. sp., pre-sphenoid. 

pt., pterygoid. 

8. h,, stylo-hyal. 

s.m.f., stylo-mastoid foramen 
(for VI1.). 

8. 0,, supra-occipttal. 

8q., squamosal, 

s. t., sectorial tooth. 

i. h., thyro-hyal, 

vo., omer, 

z. pp. zygomatic process of 
squamosal. 
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SHEET VII. 


1. Striated muscle fibre (of the Rabbit), ruptored to show garco- 
lemma. n.,nucleus. sc.,sarcolemma. X. m., membrane of Krause. 
s. @., 8arcoug elements. nv., nerve. e. p., its end plate. 


2. Cardiac muscle. 
3. Unstriated muscle fibres, 


+. Diagram of the Skin.—s.c., stratum corneum, and s. m., stratum 
mucosum of the epidermis. d., areolar tissue of the dermis (meao- 


blastic). . v, blood vessel, s. g., sweat gland. t. ¢., tactile 
corpusele, 


5. To illustrate Kidney structure.—ur., ureter. p., pelvis. m., 
medulla, ¢., cortex. B.c., one of Bowman’s capsules of the cortex ; 
ur. t., the uriniferous tubule running from it intothe medulla, where 
it loops and branches, around it branches a blood-vessel. g., glome- 
rulug, & knot of blood-vessels in the capsule. a. b. v., @. b. v 
afferent and efferent blood-vessels, of which the latter go to 
break up upon the tubuli. The water of the urine is probably 


hitered off in the capsule, the urea and other salts secreted by the 
tubuli. 


7. The Auditory structures of the Rabbit (diagram), See text, 
§ 115. 


8. The Eye (disgram). See text, § 1ii. 


9. The Retina (diagram), See text, § 112, 
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SHEET VIIl. 


The Brain of the Rabbit.—1. In median section. 2. From above, 
with the top of the right hemisphere sliced cff horizontally at the 
level of the corpus callosam. 93. A deeper section through the 
thalamencephalon, corresponding to B in (1). 4 Under-view of 
the brain. 6. Diagrams reforred to in the text and for comparison 
with Sh. XIT., 33., and Sh, XVIII, 2. 


ar., arrow in the iter. a.c., the anterior commissure, a thiokening 
of the anterior wall of the third ventricle. cc. ¢c., corpus callosum. 
c.eb., crura cerebri. c. h., cerebral hemispheres. c. g., corpora 
quadrigemina. ff. chm. (right), flocculus of the cerebellum. 
i. h., left cerebral hemisphere (= ch.), 1.2, lateral lobe of cere: 
bellum. m.¢. middle commissure. om. o., medulla oblongata. 
op., optic nerve. o.1., olfactory lobe. 0. th. (right), optic thalamus. 
p.¢., posterior commissure (thickening of postero-dorsal wall of 
the third ventricle). .g., pineal gland. pt., pituitary body. 
p. ¥., pons Varolii. 8. ¢., thin roof of the fourth ventricle. 
u.cbm., vermis of cerebrum. 4, 1., lateral ventricle. 


Nerves.—1., olfactory. IL, optic. 111., oculo-motor, 1¥., patheticus. 
y.,trigeininal, vi.,abducens. VIL, facial (portiodura). VII, audi- 
tory (portio mollis), 1X., gustatory (glossopharyngeal).* x., pneumo- 
gastrio or vagus. XI., spinal accessory. XIt., hypoglossal. 


6. The Spinal Cord in section.—e¢. ¢., the central canal. 
d., f., the dorsal fissure. d.a., the dorsal nerve root; g., its ganglion. 
«.f., the ventral) fissure. v,.., the ventral nerve root. Note that 
in Fig. 1 the centra! oanal is continuous with the foarth ventricle. 


7. Histological elements.—g. c., multipolar ganglion cell. 7., nu- 
cleus of a medullated nerve. a.c., its axis fibre. s.§. (sheath of 
Schwann), medullary sheath interrupted at intervals by xn. R., the 
nodes of Ranvier. 7. ™. f., a non-medullsted fibre. 
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SHEET IX. 
Tue NERVES OF THE RABBIT, 


1. Rough sketch of dissection of tho neck from the left ventral 
aspect. —The bands of muscle between hyoid, mandible, and sternum, 
and the tnymus gland carefully cleared. hy. is the hyoid with its 
posterior cornua; s.m. g., the right sub-maxillary gland (the left bas 
been removed); Jr. is the larynx, and J. the bulla. The nerves aro 
numbered. s.c.g. is the superior cervical ganglion of the sympa- 
thetio (sym.}; s.l.n. is the left superior laryngeal, and 6. the left 
depressor hranch of x. J. rl. n. is the left recurrent laryngeal 
looping under that solid cunnection botween the pulmonary arte-v 
(p. a.) and the eortic arch {ao.), which was an opon tube in the 
embryo, the ductus arteriosus; r.r.ion. is the right recurrent 
looping under the sub-clavian. In early development the beart lay 
just beneath the pharynx in the position of the larynx (cp. Dog-fisli 
and Frog); as the neck elongated, the heart shifted back with its 
vessels, and so the long loop of the recurrent laryngeal comes to he 
drawn out in this singular way. pf. n.is the phreni¢ nerve. «. is 
the ramus descendens noni of the twelfth nerve. 

lI. Diagram of orbit to show Y., orbito-nasal, y.2 tho maxillary, 
and v.; the mandihular branch of v. In order to show theso in 
dissection, the malar must be cut away, and tho oye and glands of 
the orbit removed. s.1,p.7.,%.7.,and a.%., ont ends of the superior, 
osterior (or external), inferior, and anterior (or internal) recti 
muscles; s. 0. and i.o., the snperior and inferior obliques, 

Ill. General diagram of the Rabbit’s cranial nerves. 

IV. Rough sketch of dissection of the nerves and hlood-vessels 
dorsal to stomach.—Tho stomach turned over to tho animal’s right, 
the Spigelian liver lohe cleared from the oesophagus, the mesentery 
supporting spleen and hiding solar plexus pickod off, and the 
inesentory hiding sympathetio cleared. X., tho vagus on ges., the 
oesophagus. st., the stomach, and sp. tho spleen. coe. art., coeliac 
artery, and s.m.a., auperior mesenteric artery. l.sp.n., left splan- 
clnic nerve; coe. g-, coeliac, and 8, m. g., superior mesenteric ganglion. 
The two together form the solar ploxus. lL. a, 7., left adronal, 
r, aré., renal urtery, *%. v., renal vein. Jt. abd. yym., left abdominal 
ay moathotic (in the actual dissection, the right would aleo be visible). 
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SHEET X. 
Repropuctive& ORGANS OF THE RABBIT. 


1. The Male. 2. The Female Organs. (The symbols below the 
fiznres indicate the sex.) 


R., the rectum, with r. g., the rectal gland, and a, theanus; gb. is 
the pubic symphysis which has been cut throngh: wr. b., the urinary 
bhidder; +r. ur., the right ureter; lur., the left ureter. 


In the Male. T.is the testis, ep. the epididymis, scr. the scrotal sne 
containing these; r.v.d., the right vas deferens; uw. m., the uterus 
mnsceulinus; P., the penis; and pp., the prepuce. 

In the Femele, ov. is the ovary, with a Graatian follicle, G. F.; 


F. t., the left Fallopian tube; c. wt, the left cornu uteri; V., the 
vagina; and vb., the vestibule. 


3. Diagram of ovary with stages in the development of a Graafian 
follicle ; 1, 2, 3, 4,5, see text, § 1387. The arrow indicates the 
changes in position of the developing follicles. 
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SHEET XI. 


. General dissection of Frog (male), 
. The heart and great vessels laid open. 
. The circulatory system from the side. 
4, Blood. r.c., red corpuscle (oval and nucleated). w.c., white 
corpuscle, 


wo be 


Small figure of Prog in left-hand corner is to show position of 
heel, k. 
Reference Letters, 


al, b., allantoio hladder (=urinary hladder). c. ad., corpus adipu- 
sum. cl. c., out end of the right olaviole, d.,duodenum. 4g. b., gal! 
bladdor. il, ilenm. 4&., kidney. Jt. a@u., left auricle.  ly., lung. 
Liv. liver. . int, large intestine, & gs. v., longitadino-spiral 
valve. pan., pancreas. 7, au., right auricle. st, stomach,  sp., 
spleen. T., testis, ¢.@., trnnous arteriosus. wr,, urogenital duct 
v., ventricle of heart. 

Arteries. 


ao., aorta. c,a, carotid aroh.  c. gi, carotid gland.  coe., 
coeliac. cu.,cutaneous. 4, ao., dorsal aorta, e.c., ingnal artery. 
i. ¢., internal carotid. l.a.a., left aortic arch. pa., palmonary. 
p.cu,, pnimo-entaneous. 1. a@.a., right aortic arch. a, cl., sub- 
clavian. ¢. a, trunous arteriosus. 


. Veins of the Caval System, 


b. v., brachial (from the fore limb). €. j, external jagular. 
hk, u., hepatio vein. ¢.j7., internal jugular, tn. v., innominate vein. 
l.v.c. s., left vena cava superior. jp. v., cutaneous vein. a. cl, v., 
subclavian. 4. & v., sub-scapular vein. v. ¢c. t£., vena cava inferior. 


Veins of the Portal and Renal Portal Systems. 


a,ad, and a. ab. u., anterior abdominal vein. J, fm., left femoral. 
lp, left pelvic. 7. p. (andr. p.), left renal portal. 0. sc., left 
sciatio, p.v., portal vein. 


(The cutaneons artery in the above figures ia tnrned back. In 
dissection it will be found to lie ovor and hide the dorsal-ward sweep 
of the aortio arch.) 
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SHEET XIL. 


1. Upper view of the Frog’s brain. 

2. Under view of the same. 

3, The same—median section. 

4. The distribution of the Frog’s nerves. Cp. Sheet [X., 111. 


The shaded part in 4 is the tympanum. The hyoid apparatus 
is ronghly represented in black to show its relation to 1x. (dorsal 
to ic, and sp. 1 (ventral). Compare 1x. and xr, in Sheet IX, 
The nerves are numbered. cc. h., cerebral hemispheres. cb., the 
cerebellum. J. ?¢., lamina terminalis. mb.,mid-brain. md., medulla 
oblongata. o.1., optic lobes. pin., pineal gland, prt., pituitary 
body. 7. h., olfactory lobes (rhinencephalon). fh. ¢., thalamen- 
cephalon. sp. 1, first spinal nerve. sp. 2, 3, brachial plexus to fore 
limb. f. ¢, filam terminale. g. fr., ganglion on the fifth nerve. 


3. The spinal column (and pelvio girdle) of the Frog. 
5b. Vertebrae. 

6. The pectoral girdle and limb, dorsal view. 

7. The pelvic girdle and right limb from the side, 


(1. h. shows the position of the right lymph hearts—they are 
paired.) 


as., astragalus. »., body. enl.,ealeaneum. ¢., ealear (? =a sixth 


digit). co.,coracoid. cl., clavicle overlying a procoracoid cartilage.. 


f.. fibula. FE, femur, kh. hamerus. (71, ihium.  4s., ischinm. 
9. st, omosternum. pu., pubis. 7, radius. 8¢.,scapula. s.sr., sUprAa- 
scapula. 8, ¥., sacral vertebra. 4, tibia. t. p., transverse process. 
ul., ulna, ur., urostyle. @., xiphisternum. 2., zygapophysis. 


1, 2, &e., first, second, &c., digits. 


D. and D.’ are simplified diagrams of the limbs for comparison 
with the similar ones of the Rabbit. In eaoh girdle we have a 
dorsal ogsification (scapula, ilium) and two ventral parts (pubis 
and procoracoid cartilage, ischium and coracoid), and at the meeting- 
place of the three in each case the proximal bone of the limb 
(humerus, femur) articulates. 





SHEET XE, 


SHEET XIII. 


URoGENITAL ORGANS OF THE Fros. 


1. The Male. 


2, The Female. The oviduct removed on the animal's left, and 
the ovary on its right. 


Organs oominon to both sexes.—ves., oesophagus.  st., stomach. 
K., kidney. ‘int. intestine. al. b., allantoic bladder.  cl., cloaca. 
c. a4,, corpus adiposum. 7. p.v., renal portal vein. dg. (dotted out- 
line of) lung. 


In the Male.—T., testis. v.e., vasa efferentia. w.g. d., urogenital 
duct. ., prostate gland. 


In the Female.—ovu., ovary. ur., ureter. o. d., oviduct (letters at 
the opening). adr., adrenul, f.#., fallopian tabe (anterior part 
of oviduct). * its opening. (This wonld be the condition about 
midwinter.} In Maroh, o. d. will be either enorinously distended with 
eges, or large, abby, and empty, and ov. will be smal] and brownish, 
without any large eggs; the ovary gradually recovers ita size 
through the summer. 


3. Spermatozoa attached to the parent cell (g. .) from the liuing 
“pithelium of the testis, and one free. ,, the flagellum, 





Suset XIII. 


SHEET XIV. 


SxubL SrrucTuRE AND DEVELOPMENT OF THE F Roc, 


1. 1., 11, early and late stages of the Tadpole’s chindrocranium. 
Diagrammatio. 


2, Dorsal view of a young Frog's cranium—the membrane bones 
removed. Diagrammatic. 


3 and 4. Dorsal and ventral views, respectively, of the Frog’s 
skuil—-the lower jaw removed. 


§. Side view of the Frog’s skull. 
6. Median section of the brain case. 
7. The hyoid apparatus. 


&. L, IL, IL, progressive stages of the Tadpole’s skull from tho side. 
After W. K. Parker. 


9. F., side and hind views of the Frog’s skull, D., the same of 
the Dog. Roughly diagrammatic. 

N.B.—In all, cartilage is dotted, cartilage bone cross-barred, and 
membrane bone, white. 


a.¢., anterior cornu of hyoid (=08.). a. 0., antorbital cartilage. 
ar., angulo-splenial. .c., brain case. b. h., body of hyoid. br, 
branchial arches. CH=a.c. c, ¢.,cornaa trabecnli, ., dentary. 
e., eye. E.N., external nares. e. 0., exoccipital bone. f., fenestra 
(membranous part of cranial wall). h. m., hyomandibular cleft 
(= Eustachian tube andear drum). mb, mandible. Jf. 0., Meckel’s 
Cartilage. m. mk, mento-Meckelian hone. m™. p., mouth passage. 
mx. maxilla. 7. ¢., notochord. nm. 0. nasal organ, nm. p., nasal 
passage, of. or 0. cy otic (auditory) capsule. PAL., hard palate of 
Mammal, al., palatine bone. .¢, parachordal. pf, parieto- 
frontal. p.m.,premaxilla, P.N., internal nares. p.¢., prodtio bone. 
p. p., palato-pterygoid cartilage. psp. parasphenoid bone. pt, 
pterygoid bone. q., quadrate cartilage. q.j., quadrato-jugul. s.¢., 
sphenethmoid bone. sq. squamosal, ¢., trabecular part of hraip 
box. t.¢, trabecula, th. h., thyrohyal. 
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SHEBT XV, 


1. Dissection of Female Dog-Fish to show alimentary canal, the 
pericardium also being opened and the cloaca slit up. Above is 
also seen the dorsal view of the head. 


Z. The pelvio girdle and fin skeleton of a male, 


3. The spiral valve in the colon. 


a. p., abdominal pore. 

aur., atriam of heart. 

b. d., bile duct, 

b. pt., basi-pterygiam. 

cl. ¢, the supporting oartilage 
of the clasper. 

co., colon, 

@’dam., duodenum, 

é., the eye. 

g. bl, gall bladder. 

g. 8, gill slits. 

L. Ltw., left lobe of liver. 

M, Liv., middle lobe of liver. 

olf., olfactory opening. 


pan., pancreas. 

ped., pericardial wall. 

pel. g., the pelvio girdle. 

p. Pp. arrow through pericardio- 
peritoneal canal. 

+. g., rectal gland. 

R. Liv., right lobe. 

sp., apiracle, 

spl., apleen. 

st., the atomach. 

§. ¥., Sinus venosus, 

u. g. D. uro-genital pore. 

v., ventricle. 





Sueret XY, 


SHEET XVI. 


i. Circnlation of the Dog-Tish. 


2, Simplified and more typical fish circnlation, in which the 


posterior cardinals have not coalesced in the median line, The 


Cuvierian veins =the vena cava superior of tbe higber type; the 


posterior cardinal is represented hy the azygos vein in the Rabhit 
Compare Sh. XXTV., 7, and Sh. II., 2. 


3. Side view of the pericardium. 


a, br., afferent hranchial artery. 
a. ¢. &., anterior cardinal sinus 
(=internal jngular vein). 
au., atrium (=the two auricles 

of higher forms). 
b.a., hnlbns arteriosus. 
¢, @., conns arteriosus. 
cd. a., candal artery. 
cd. v., caudal vein. 
c, s., Cnvierian sinus, 
d, a., dorsal aorta, 
E., eye. 
e.br., efferenthranohial arteries. 
g. &, in position of gill-slits, 
h, br. a., hypobranchial artery. 


EH. S., hepatic sinus. 

i. j. 8., inferior jugular sinus 
(= external jngnlar vein). 

K,, kidney. 

EZ. V., lateral vein. 

c.3., ventral wall of oesophagus. 


.P. 0. C., pericardial cavity. 


P. C.S., posterior cardinal sinus. 

p. p. ¢, pericardio - peritoneal 
canal, 

P. Y., portal vein, 

r. p. V., reno: portal vein. 

s. ¢. v., subclavian vein. 

Yn., ventricle. 


4. Skeleton of pectoral limb, and girdle.—y., the girdle (also in 
Fig. 3). sc.,its dorsal portion. m. p., meso:; mt. p., meta-; p. Po 


pro-, pterygium. 
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SHEET XVII. 
Tue Uro-GEniTaL ORGANS oF THE Doc-FIsH. 


1. The Female, the oviduct of the left side cut away. 


2. The Male. 
The rectum is removed in both cases, and the silvery peritoneum 
dissected off from the kidneys. 


3. A generalized diagram of the uro-genital organs. — .All 
references in text, Pr.,the pronephros, is never developed in the 
Dog: fish; P. d., its supposed duct, is the oviduct of the female, and is 
suppressed in the male. Ms., the mesonephros, is the epididymis in 
the male, and is reduced in the female; Afs.d., its dnet, is the vag 
deferens in the mais, and persists only as the urinary receptacle in 
the female. Aft. and Aft.d., the metanephros and metanephric duct, 
become the functional kidney and ureter in both sexes. G. is the 
gonad (reproductive gland), and Jf. LE. the animal's middle line 
{median plans). 
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SHEET XVIII. 


1. The Dog-Fish Brain, dorsal view. 

2. Median section of the same. To the right a more diagrammatio 
ficure, 

The nerves are numbered :—BR,, BR, BR,, BR, branches of X 
forking over the second to the fifth gillslit. cb.,cerehellum. hs, 
horizontal semi-circular canal of ear, exposed by the slicing down of 
the otic mass, DAT, lateral-line branch of X. m.o., medulla ob- 
loagata. oph., ophthalmio nerve (¥.+Vil,). op. ., optic Iche. 
pit., pituitary body. pr. c., prosencephalon (cerebral hemisphere). 
rh., olfactory lobe (rhinencephalon). i. ¢., restiform tracts of 
medulla, §.P.G.,stalkof tho pineal gland. th. c., thalamencephalon. 
Vid., the Vidian, or palatine branch of yl. YVise., visceral branch 
OFX, 


3. Diagram of the ear of a fish. 

The structure of this is easily made cut by olearing otic capsule 
and cutting slices of the cartilage in the Dog-Fish (e.g., Fig. 1, 
h.g.¢.). GUC, p.uc, h.s.¢., anterior, posterior, and horizontal 
canals respectively. amp., the ampullas. d.e, the duotus endo- 
lymphaticus. 


4. The cranium and branchial hars of a Dog-Fish. 

A.C.S., position of the anterior cardinal sinus (dotted ontline). 
c., the vertebral centra. c.6., the cerato-branchial. c.h., the cerato- 
hyal. ¢.%., the epi-branchial. ev. b., extra-branchial. h. M., the 
hyo-mandibnlar. i. p., inter-neural plate. If. 0., Meckel’s (lower 
jaw) har. Na. C., the nasal ospsule. 2. p., neural plate. 1. 2., 
neural spine. Ot. C., the otic capsule. ph... the pharyngo- 
branchial. P. pt., the palato-pterygoid bar (upper jaw bar). ps., 
pre-spiracular ligament, containing a cartilaginous nodule. *., rib. 
sp., the position of the spiracle. The groove in the otio capsule con- 
nects the orhital and anterior cardinal sinuses. 


5. Diagrams of a vertebral centrum.—For reference letters. see 
text (§ 9). 


fi. Diagram for comparison with Fig. III., Sb. IX, 
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SHEET XIX. 


1. Amphioxus, seen from the right side. @ % shows tho 
aatural size. The animal is supposed to be clarified, and mounted in 
* 30me highly refracting medium, so that it is practically transparent ; 
{., IL, IIL, &c., refer to the sections figured on Sheet XX. 





2, Amphioxus, General Dissection, (Slightly altered from 6 
figure by Professor E, R. Lankester.) The ventral atrial wall is 
removed. The pharynx cut away from the dorsal body-wall, and 
with the true ventral body-wall turned over to the (animals) right. 
The arrow aa passes through anus to intestine; bb ia thrust through 
the atrial pore to the atrial cavity. Note coe., the body cavity. 


References to the two figures. 

an., anus, et. atrial cavity. at. w., atrial wall. at. p., atrial 
pore. a,d., anterior dilatata of nervous system. 0. w., hody-wall, 
», t. L., hrown tnhes of Lankester. c. f, ciliated funnel. coe., 
coelome. c. ao. cardiac aorta. d. @o., dorsal aorta (paired). d. 20.', 
dorsal aorta median. g., gonads (male or female genital gland). 
hep., hepatic vein. inf, intestine. 1. w., intestine wall. J., liver. 
m. f., median fin. 2.¢., notochord. yp. v., portal vein. ph., pharypx. 
vg pigment spot (“eye spot”). s. ¢., spinal cord. 
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SHEET XIX. 





SHEET XX. 


SECTIONS oF AMPHIOXUS. : 


The Roman numerals indicate the corresponding region in 
Figure 1, Sheet XIX. The lettering is identical; but note, in 
addition, c. f., ciliated fannel, e¢. s., eye spot, o. ¢., oral cavity (or 
hood), d. ¢. ¢., doraal coelomio canal, br. c., branchial canal, h. p., 
hypopharyngeal groove, end., endostyle, epp., epipleur, and A vn. 
for bepatio vein. 
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SHEET XXI. 


PHASES IN THE DeVELOPMENT OF AMPHIOXUS, 


1, 2, 3, 4. Phases in sepmentation, 
%. The blastosphere, 
The gastrula in seotion, anterior end to the right. 


6. 
7. i. Dorsal view post gastrula stago. 
- 


ii. Diagrammatio section of the same in the position indicated 
by the transverse line im 7, i. 


8. Diagrammatic section of a later stage, coe. p., the coelomio 
pouches, a. ¢., the notochord. 1, p., the neural plate, 


9. i. Still later section. 
9. ii, Diagrammatic view of late embryo. 


10, 11, 12. Figures to illustrate the formation of the atrium as a 
median ventral invagination, at, 
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SHEET XXII. 
THE DEVELOPMENT OF THE Frog, 


These diagrams must be studied with the text. They should be 
compared with the corresponding ones of Amphioxus as indicated 
below, 


1, 2, 3. Stagos in segmentation (op. 1, 2 3 of Amphioxus). 


4, Blastosphere stago (cp. 5, Amphioxus), This, on a smaller 
scale, The cells on tho ventral side are so much larger because 
distended with yolk. 


5. Gastrula stage in section (cp. 6, Amphioxus), The Frog ona 
smaller scale than Amphioxas. 


6. Dorsa) view of gastrula (cp. 7, Amphioxus). 


7. Part of a transverse section of developing tadpole, correspund- 
ing to Figure 8 of Amphioxus. 


8 and 9. Diagrammatio longitudinal sections of tadpoles (cp. Qii. 
of Amphioxna). Y. represents a mass of yolk cells. 


10. Sido view of young tadpole, showing external gills (e.g.) and 
suckers (s.}. Note tbe ventral hulging due to the yolk. 


11. Ventral view of a later tadpole. op., the operculum. int., coil- 
ing intestine. 


12. Head of still later tadpolo in horizontal seotion to show 
atrial chamber formed hy operculum. inf. g., internal gills; Z., de- 
veloping lungs. 


13. Diagrammatio cross-section of the mid-dorsnl part of an 
embryonio vertebrate. ao. aorta. B.C., Bowman’sa capsule. 
coe., coelom., d.g., ganglion on dorsal root of spinal nerve. gl., 
arteriole to form glomeralns. 4g. 7, gonital ridge. _‘J., intestine. 
Mf. D., Mullerian duot. n.c¢., notoohord. 2. sh., its sheath. 2. c¢., 
neurenterio canal, st. nephrostome, 4,¢,noural canal. W. D., 
Woltfan duct, 
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SHEET XXII. 





SHEET XXIII. 
Tre DEVELOPMENT OF TRE FOWL, 


1, Diagram of the early ovum, The section below is a small 
portion of the blastodermic area, b.d., blastoderm, y., the un- 
divided yolk, s.c,, the segmentation cavity between the blastoderm 
and yolk, Compare gs. c. in XXII, 4. 


2. Area pellucida about the sixteenth honr. The figure below is 
the central part of the section indicated by the transverse line, and 
showing the primitive streak (p.s.). 


8. Area pellucida about the twenty-first hour. Two sections 
through a and 6 below. 


4, About the twenty-fifth hour. surface view; longitudinal section 
to rigbt and traisverse above. 


4b. Diagrannnatic reudering of same stage (cp, Fig. 9 of Frog and 
9 ii. Amphioxus). This will bemost clearly understood if the reader 
look at Sh. XXIL., 9, and imagine Y. enormously increased, and the 
embryo sinking into it. Epiblast, ep, blackline, Mesoblast, dotted. 
Hypoblast, line of dashes. p., the pleuro-peritoneal cavity, 


5 and 6 illastrate formation of amnion (a@.) and allantois (ali.), 
fiis about the fourth day. 
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SHEET XXIV. 
Tor DEVELOPMENT OF THE Fown. 


1. Chick about the third day. al., the allantois. 4., the intestine. 
2.v., the yolk sao. v.v., the vitelline veins. At this stage the 
chick lies on its left side in the yolk. For lettering of blood vessels, 
see (7) below. 


2. Chick abont sixth day. 
3. Development of heart. 


4. Development of the eye. B., brain. Z., lens. R., retina. 


~ 


5. Chick about the sixteenth day. AM. is the amnion surrounding 
the embryo. Note particularly how the allantois (al.) has spread 
over surface of sholl and how the yolk sac is shrivelled. 


6. Figures to illustrate the relative function and importance of 
allantois and yolk sac in hird and mammal. In the fowl, however, 
the blood-vesselsa of the allantois also prohably absorh the albumen 
of the egg, and may excrete urea into the erg-spaoe. 


7. Simplified figure of the embryonio ociroulation, for comparison 
with the similar figures annexed to Dog-fish and Rahbit. 


A.@., anterior oardinal. Ao., Aorta. Br, sixth aortic arch 
(fourth branchial). . §., Guvierian sinus. H., the heart. 1. C., 
inferior osva. P. C., posterior cardinal vein. Tr, A. trunous 
arteriosus. v. v., vitelline vein. 


8. Chick on the nineteenth day, 
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THE UNTVERSILTY LUTORIATASIAi is: 
Ube University Tutorial Serics. 


General Editor: WM. Brieas, LL.D., M.A., F.C.S., F.R.A.S. 
Classical Ldiior: DB. J. HAayus, M.A. 


The object of the UNIVERSITY TUTORIAL SERIES is to provide 
candidates for examinations and learncrs generally with text-books 
which shall convey in the simplest form sound instruction in accord- 
ance with the latest results of scholarship and scientific research. 
Important points are fully and clearly treated, and care has been 
taken not to introduce details which are likely to perplex the be- 
einner. 

The Publisher will be happy to entertain applications from School- 
masters for specimen copies of any of the books mentioned im this 
List. 


SOME PRESS OPINIONS, 


‘This series is successful in hitting its mark and supplying much help to students 
in places where a guiding hand is sorely needed.”—Journal of Education. 


“The volumes im this series are strictly practical.’”—Guardian. 
“he series is eminently successful.’’——Spectator. 


‘The classical texts in this series are edited by men who are thoroughly masters 
of their craft.’—Saturday Review. 


“This series of educational works has been brought to a high level of efficilency.”’— 
Tiducational Times. 


‘This series has proved serviceable to many, and is now well-known for its 
accuracy in teaching elementary principles, and the thoroughness of the aid which 
it supphes.”’—Ldueational Keview. 


“lhe more we see of these excellent manuals the more highly do we think of 
them.’’—Schoolmaster. 


“The evident care, the clearly conceived plan, the genuine scholarship, and the 
general excelleace of the productions in the series give them high claims to com- 
mendation.’—Educational News, 


‘oT his useful series of text-books.’’—Nature. 


“Tt may justly be said that any books published in this series are admirably 
adapted for the needs of the large class of students for whom they are intended,” 
—Cambridge Review, 
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Hatin and Greek Classics. 
(See also page 4.) 


The editions of LATIN and GREEK CLASSICS contained in the UNI- 
VERSITY TUTORIAL SERTES are on the following plan :— 

A short INTRODUCTION gives an acconnt of the Author and his 
chief works, the circumstances under which he wrote, and his style, 
dialect, and metre, where these call for notice. 

Lhe TEXT is based on the latest and best editions, and is clearly 
printed in large type. 

The distinctive feature of the NoTES is the omission of parallel 
passages and controversial discussions of difficulties, and stress 1s 
laid on all the important points of grammar and subject-matter. 
Information as to persons and places inentioned is grouped together 
in a HISTORICAL AND GEOGRAPHICAL INDEX; by this means the 
expense of procuring a Classical Dictionary is rendered unnecessary. 

The standard of proficiency which the learner is assumed to possess 
varies in this series according as the classic dealt with 1s usually read 
by beginners or by those who have already made considerable progress. 
A complete list 1s given overleaf. 

VOCABULARIES, arranged in order of the text and interleaved with 
writing paper, are issucd, togethcr with Test Papers, in the case of 
the classics more commonly read by beginners; the price is Is. or (in 
some instances) Is. 6d. <A detailed list can be had on application. 


Caesar.—Gallic War, Book I. By A. H. Attcrorr, M.A. Oxon., and 
WG. PrMisTowe. McA. Camb. 18. 6d. 


‘A clearly printed text, a good introduction, an excellent set of notes, and a 
historical and geographieal index, make up a very good edition at a very small 
price.’—Schoolmaster. 


Cicero.—De Amicitia and De Senectute. By A. H. Attcrort, M.A. 
Oxon., and W. F. Masom, M.A. Lond. Is. 6d. each. 


‘‘The notes, although full, are simple.”’— Educational Times. 


Horace.—Odes, Books I.—ITI. By A. H. Attcrort, M.A. Oxon., and 
Bad evEs. wi A Lond, and: Camb: - Is.¢d. each. 


‘Notes which leave no difficulty unexplained.’’—Schoulimaster. 
‘“The Notes (on Book III.) are full and good, and nothing more ean well be 
demanded of them.’”’—Journal of Education, < 


Livy.—Book I. By A. H. ALLCROFT, M.A. Oxon., and W. IF. MAsom, 
M.A. Lond. Third Edition. 2s. 6d. 


‘‘The notes are eoncise, dwelling much on grammatical points and dealing wich 
questions of history and archxology in a simple but interesting fashion.” — Wducation, 


Vergil.— Aeneid, Books I—XII. By A. H. ALLcRorT, M.A. Oxon., 
assisted by W. F. MAsom, M.A. Lond., and others. 1s. 6d. each. 


Xenophon.—Anabasis, Book I. By A. H. Attcrorr, M.A. Oxon., 
and F. L. D. RICHARDSON, B.A. Lond. Is. 6d. 
‘The notes are all that could be desired.’’—Schoolmaster, 


THE UNIVERSITY TUTORIAL SERIES: 


BHoitions of Batin and Greck Classics. 


(INTRODUCTION, TEXT, AND NOTES.) 


AFESCHYLUS— Eumenides, 3/6; 
Persae, 3/6; Prometheus, 2/6 
Septem contra 'Thebas, 3/6. 


ARISTOPHANES—Ranae, 3/6. 


CaAESAR—Gallic War, Bks. 1, 2, 3, 
4, 5, 6, (each) 1/6; Gallic War, 
Bk. 1 7On. 1229. 1/64--Gallhic 
War, Bk. 7, 2/6; Gallic War, 
Bk. 7, Ch. 1-68, 1/6; Invasion 
of Britain (LV. 20-V. 23), 2/6. 


CrcEro—Ad Atticum, Bk. 4, 3/6; 
De Amicitia, 1/6; De Finibus, 
Bk. 1, 2/6; De Vinibus, Bk. 2, 
3/6; De Olficiis, Bk. 3, 3/6; 
Philppic IIL. 3/6; Pro Cluen- 
tio, 3/6; Pro Milone, 3/6; Pro 
Plancio, 2/6; De Senectute, fn 
Catilinam I., Pro Archia, Pro 
Balbo, Pro Marcello, (each 
Book) 1/6. 

DEMOSTHENES—Androtion, 4/6. 


EKuRIPIDES—A Icestis, 3/6; Andro- 
mache, 3/6;  Bacchae, 3/6; 
Hecuha, 3/6; Huippolytus, 3/6; 
Medea, 3/6. 

HEroporus—Bk. 3, 4/6; Br. 4, 
Ch. 1-144, 4/6; Bk. 6, 2/6; 
Bk. 8, 3/6. 

HomER—lliad, Bk. 6, 1/6; Iliad, 
Bk. 24, 3/6; Odyssey, Bks. 9, 
10, 2/6; Odyssey, Bks. 11, 12, 
2/6; Odyssey, Bks. 13, 14, 2/6; 
Odyssey, Bk. 17, 1/6. 

Horack—HEpistles 3/6; Hpodes 
1/6; Odes, 3/6; Odes, (each 
Book) 1/6; Satires, 4/6. 

TIsocratTEsS—De Bigis, 2/6. 


JUVENAL—Satires, 1, 3, 4, 3/6; 
Satires, 8, 10, 13, 2/6; Satires, 
11, 18, 14, 3/6. 

Livy—Bks. 1, 5, 21, 22, (each) 
2/6; Bks. 3, 6, 9 (each), 3/6; 
Bk. 21, Ch. 1-30, 1/6. 

LucraN—Charon and Timon,3/6. 


Lystas—-Eratosthenes and Ago- 
ratus, 3/6. 

NrEPos—Hannibal, Cato, Atticus, 
1/0. 


Ovip—Fasti, Bks. 3, 4, 2/6; 
Heroides, 1, 5, 12, 1/6; Meta- 
morphoses, Bk. 1, 1-150, 1/6, 
Bk. 3, 1-130, 1/6; Bks. 11, 
13, 14, (each) 1/6; ‘Lristia, 
Bk. 1, 38, (each) 1/6. 

PrLrAto—Apology, Ion, Laches, 
Phaedo, (each) 3/6. 

SALLUST—Catiline, 2/6. 

SOPHOCLES—A jax, 3/6; Antigone, 
2/6; Electra, 3/6. 

Tactrus—Annals, Bk. 1, 3/6; 
Annals, Bk. 2, 2/6; Histories, 
Ble. 13/6. 

TERENCE—Adelphi, 3/6. 

THUCYDIDES—Bk. 7, 3/6. 

VeERGIL—Aeneid, Books 
(each) 1/6; Eclogues, 
Georgics, Bks. 1, 2, 3/6. 

XENOPHON—Anahbasis, Bk. 1, 1/6; 
Anabasis, Bk. 4, 3/6; Cyro- 
paedeia, Bk. 1, 3/6; Hellenica, 
Bk. 3, 3/6; Hellenica, Bk. 4, 
3/6; Oeconomicus, 4/6 


1-12, 
3/6 


A. detailed catalogue of the above can be obtained on application. 
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Latin and Greek. 


GRAMMARS AND READERS. 
The Tutorial Greek Course. [In preparation. 


The Tutorial Greek Reader. With VOCABULARIES. By A. WAUGH 
Youna, M.A. Lond., Gold Medallist in Classics, Assistant Iox- 
aminer at the University of London. Second Edition. 2s. 6d. 


Higher Greek Reader: A Course of 182 Extracts from the best writers, 
in Three Parts, with an appendix eontaining the Greek Unseens 
set at B.A. Lond. 1877-1897. 3s. 6d. 


Latin Composition. With copious Exercises. By A. H. ALLcRoFT, 
M.A. Oxon., and J. H. HAypon, M.A. Lond. and Camb. 
Fifth Edition, revised, 2s. 6d. 

‘This useful little book.”’—Journal of Education. 

‘*Simplicity of statement and arrangement: apt cxamples illustrating each rule; 
exceptions to these adroitly stated just at the proper place and time, are among some 
of the striking characteristics of this excellent book.’’—Schoolmaster. 


The Tutorial Latin Dictionary. By F.G. PLaisrowk, M.A. Lond. 
and Camb., Gold Medallist in Classics, late Iellow of Queens’ 
College, Cambridge. 6s. 6d. 


‘* A good specimen of elementary dictionary-making.”’—Hducational Times. 
**A sound school dictionary.’’— Speaker. 


The Preceptors’ Latin Course. By B. J. HAyks, M.A. 2s. 6d. 
‘A good practical guide. The principles are sound, and the rules are clearly 
stated. -—Hducational Limes. 
The Tutorial Latin Grammar. By B. J. Hayes, M.A. Lond. and 
Camb., and W. F. Masom, M.A. Lond. Jourth Edition. 38. 6d. 


« Practical experience in teaching and thorongh familiarity with details are 
plainly recognisable in this new Latin Grammar.”’—Aducational News. 

“Tt is accurate and fuil without being overloaded with detail, and varieties of 
type are used with such effect as to minimise the work of the learner. Tested in 
respect of any of the crucial points, it comes well out of the ordceal.”’—Schoolmaster. 


The Tutorial Latin Grammar, Exercises and Test Questions on. By 
Ei DD, RICHARDSON, 1A. duond., ‘and: As 1. NV. EAZEn, 
LGD. Nea BC. Is-od 

‘‘This will be found very useful by students preparing for University examina- 
tions.’’— Westminster Review. 


A Higher Latin Grammar. [In the press. 
The Preceptors’ Latin Reader. By HK. J. G. Forse, M.A. Is. 6d. 


‘A well graded and carefully thought-out series of Latin selections. The 
vocabulary is worthy of very high praise.’—Mdueational News. 
The Tutorial Latin Reader. With VOCABULARY. 2s. 6d. 


‘A soundly practical work.’—Guardian. 


Advanced Latin Unseens: Being a Higher Latin Reader, EKdited by 
BJ. MATOSEeNT: MA» Lond.and Oxon., and TI’. RK. Maris, M.A; 
Oxon. 3s. 6d. 


“A work which will be found generally useful by studcnts. The notes are 
valuabic.’— Westniinster Review. 

‘‘Contains some good passages, which have been selected from a wider field than 
that previously explored by similar manuals.”’— Cambridge Keview. 





6 THE UNIVERSITY TUTORIAL SERIES. 





Roman and Greek tbistory. 


The Tutorial History of Rome. (To 14 A.D.) By A. H. ALLCROFT, 
M.A. Oxon.,and W. I’. MAsomM, M.A. Lond. With Maps. 3s. 6d. 


‘Tt is well and clearly written.”—Saturday Review. 


The Tutorial History of Greece. (To 323 B.c.) By W. J. Woop- 
HOUSE, M.A. Oxon. [In preparation. 


A Longer History of Rome. By A. H. ALncrorr, M.A. Oxon., 
and others (each volume contains an account of the Literature of 
the Period)— 


390—202 B.c. 4s. 6d. 133—78 B.c. 3s. Gd. 
287—202 B.c. 3s. 6d. 78—31 B.c. 3s. 6d. 
202—133 B.c. 3s. 6d. 31 B.C.—96 A.D. 3s. 6d. 


‘‘This volume (133—78 B.c.) gives a vigorous and carefully studied picture of the 
men and of the time.’”’—Spectator. 

‘‘ Written in a clear and direct style. Its authors show a thorough acquaintance 
with their authorities, and have also used the works of modern historians to good 
effect.””,—Journal of Education (on the period 31 b.c.—96 a.p.). 


A Longer History of Greece. By A. H. ALLcrorr, M.A. Oxon., 
(each volume contains an account of the Literature of the 


Period)— 
To 495 B.c. 3s. 6d. 404362 B.c. 3s. 6d. 
495— 431 B.c. 38s. 6d. o71—323 B.c. 3s. 6d. 


431— 404 B.c. 3s. 6d. Sicily, 490—289 B.c. 3s. 6d. 


‘‘}¥or those who require a knowledge of the period (to 495 B.c.) no better book 
could be recommendcd.”—Aducational Times. 


Lnglish bistory. 


The Tutorial History of England. By C. 58. FEARENSIDE, M.A. 
Oxon. [Zn preparation. 

The Matriculation History of England. By C. 8S. FEARENSIDE, 
M.A. Oxon. (T01702 A.D.) Second Edition. 3s. 6d. 


‘The ingenious arrangement, numerous synopses, cross-references, and excellent 
index will enable the student to work out almost any problem suggested by his 
tutor or set in past examination papers. We can heartily recommend it.’’— 
Guardian. 

‘“We can heartily commend it.’?’—Schoolmaster. 

‘‘}or the upper forms of schools the volume is specially suited.”—Morntng Post. 


The Intermediate Text-Book of English History: a Longer History 
of England. By C. 8S. FEARENSIDE, M.A. Oxon., and A. 
JOHNSON EVANS, M.A. Camb., B.A. Lond. With Maps & Plans. 

Vou. I., to 1485 (Zn preparation.) Vou. III., 1603 to 1714. 4s. 6d. 
Vou. IT., 1485 to 1608. 4s.6d. Von. IV., 1714 to 18387. 4s. 6d. 


‘It is hvely; itis exact; the style is vigorous and has plenty of swing; the facts 
are numerous, but well balanced and admirably arranged.’’—#ducation. 
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— French. 


The Tutorial French Accidence, By Ernest WEFKLEY, M.A. Lond., 
Professor of French, University College, Nottingham. With 
EXERCISES, Passages for Translation into French, and a Chapter 
on Elementary Syntax. Third Edition. 3s. 6d. 


‘We can heartily recommend it.’’—Schoolmaster. 


The Tutorial French Syntax. By ERNEST WEEKLEY, M.A. Lond., 
and A. J. WYATT, M.A. Lond. & Camb. With Exercises. 3s. 6d. 
‘‘Tt is a decidedly good book and should have a ready sale.”—Guardian. 
‘Mr. Weekley has produced a clear, full, and careful Grammar in the ‘ Tutorial 
French Accidence,’ and the companion volume of Syntax,’ by himsclf and Mr. 
Wyatt, is worthy of it.’—Saturday Review. 


The Tutorial French Grammar. Containing the <Accidence and the 
Syntax in One Volume. 4s. 6d. 


The Preceptors’ French Course. By EK. WEEKLEY, M.A.Lond. 2s. 6d. 
‘“‘The execution is distinctly an advance on similar courses.”’’—Journal of 
Education, 
‘*A clear and satisfactory book on the elements of French Grammar. The usc of 
tenses and irregular verbs are well treated, and the exercises well chosen.” —Academy, 
‘* A practical work, which will be most helpful to students preparing for examina- 
tions. Both the rules and the cxercises set upon them are concise and much to 
the point.””—Ldueational Review. 


French Prose Composition. By EH. WrErk Ley, M.A. Lond. 3s. 6d. 

‘“The arrangement is lucid, the rules clearly expressed, the suggestions really 
helpful, and the examples carefully chosen.”’—Hduecational Times, 

‘We like the plan and arrangement of this book, which will be welcome to 
London candidates and more advanced students.”—Guardian. 

‘A handy and trustworthy guide. The practical hints are excellent.’’—WS¢, 
James's Budget. 


The Preceptors’ French Reader. By ERNEST WEEKLEY, M.A. Lond. 
With Notes and Vocabulary. Second Edition. 1s. 6d. 
““A very useful first reader with good vocabulary and sensible notes.’’—School- 
master, 


French Prose Reader. lHidited by 8S. BARLET, B. és Sc., Examiner 
in French to the College of Preceptors, and W. F. Masom, M.A. 
Lond. With Notes and Vocabulary. Zhird Edition. 2s. 6d. 

‘‘Admirably chosen extracts. They are so selected as to be thoroughly mtcresting 
and at the same time thoroughly illustrative of all thatis best in French literature.” 

—School Board Chroniele. 


Advanced French Reader: Containing passages in prose and verse 
representative of all the modern Authors. Tidited by 8S. BARTLET, 
B. és Sc., Iaxaminer in French to the College of Preceptors, and 
W. EF. MAsom, M.A. Lond. Sccond Kdition. 3s. 6d. 


‘‘Chosen from a large range of good modern authors, the book provides excellent 
practice in ‘ Unscens.’’’—Schoolmaster. 


Higher French Reader. [idited by ERNEST WEEKLEY, M.A. 38s. 6d. 
‘‘The passages are well chosen, intcresting in themselves, and representative of 
the best contemporary stylists.’—Journai of Hducation. 
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English @ananage and Aiterature, 


The English Language: Its History and Structure. By W. H. Low, 
M.A. Lond. With TEst QUESTIONS. Fifth Edition. 3s. 6d. 


Contents :—The Relation of English to other Languages—Survey 
of the Chicf Changes that have taken place in the Language— 
Sources of our Vocabular y—The Alphabet and the Sounds of 
English—Grimm’s Law—Gradation and Mutation—Trans- 
position, Assimilation, Addition and Disappearance of Sounds in 
Enghsh—Introductory Remarks on Grammar—The Parts of 
Speech, ete.—Syntax—Parsing and Analysis—Metre—320 Test 
Questions. 


‘© A clear workmanlike history of the English language done on sound principles.” 
— Saturday Review, 

‘‘The author deals very fully with the source and growth of the language. The 
parts of specch are dealt with historically as well as grammatically. The work is 
scholarly and accurate.’’—Schooimaster, 

‘‘¥t is in the best sense a scientific treatise. There is not a superfluous sentence.” 
—EHEHducational News. 


the Preceptors’ English Grammar. With numerous Exercises. By 
W. H. Low, M.A. Lond., eng ARNOLD WALL, M.A. Lond. 
[Jn the press. 


English Literature, The Tutorial History of. By A. J. Wyart, 
M.A. Lond. and Cumb. 2s. 6d. 


“This is undoubtedly the best school history of literature that has yet come 
under our notice.”’—Guardian, 

‘A very competent picce of workmanship.”’—ducational News. 

‘“Itis excellent. The judgments are sensible and simply stated; the selections 
are chosen independently and skilfully.”—Krposttory Times. 

“This is a scholarly and yetasimple manual, written with admirable lucidity and 
conciseness.” Glasgow Herald, 


The Intermediate Text-Book of English Literature. By W. H. Low, 
M.A. Lond., and A.J. Wyatt, M.A. Lond. and Camb. 


PART I. (to 1660), 3s. 6d; Part IL. (1660-1832), 3s. 6d. 


‘Really judicious in the selection of the details given.”’—Saturday Review. 

‘*A serviceable student’s digest of an important period in our litcrature.”—= 
Schoolmaster. 

“This volume scems both well-informed and clearly written. The illustrative 
selections are very happily chosen. Those who necd a handbook of literature will 
not readily find a more workmanlike example of this size and price.’’—Journal of 
Education. 

‘The historical part is concise and clear, but the criticism is even more valuable, 
and a number of illustrative extracts contribute a most uscful feature to the volume. 
As a compendium for ¢xamination puryioscs this volume ought to take high rank.”’—= 
School World. 

“A very serviceable text-book, closely analytic throughout, with fairly safe 
judgments and adequate provision ‘of specimens. ‘Two more competent editors of a 
pans -book on English authors it would have been ditlicult to find.’”—ducational 

ames. 
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wnglish Classics, 


Addison.—Essays on Milton, Notes on. By W.I1. Low, M.A. 2s. 


Chaucer.— Prologue, Knight’s Tale. By A. J. Wyatrr, M.A. Lond. 
and Camb., with a Glossary by 8S. J. Evans, M.A. Lond. 
2s. Gd. . Also separately, The Prologue, 1s. 

‘The notes are of real valnue.’?—Hducational Review. 
‘Quite up to date. The Glossary is excellent.”—Morning Post. 

Chaucer.—Man of Lawes Tale, with the PROLOGUE to the CANTER- 
BoRY TaLes. Edited by A. J. Wyatt, M.A. Lond. and Camb., 
with a GLOSSARY by J. MALtNS, M.A. Lond. 2s. Gd. 


Dryden.— Essay of Dramatic Poesy. Iidited by W. H. Low, M.A. 
Lond. Second Edition. 3s. 6d. 


Langland.—Piers Plowman. Prologue and Passus I.-VII., Text B. 
Edited by J. fF. Davis, D.Lit., M.A. Lond. “4s. 6d. 


Milton.— Paradise Regained. [Edited by A. J. Wyatt, M.A. 2s. 6d. 


‘¢‘The notes are coneise and to the point.”—Cambridge Review, 


Milton.—Samson Agonistes. Idited by A.J. WvyArr, M.A. 2s. 6d. 
‘* A capital Introduction. The notes are excellent.’”—Hducatlonal Times, 
Milton.—Sonnets. Edited by W. F. Masom, M.A. Lond. Is. Gd. 


Shakespeare.— With INTRODUCTION and Nores, by Prof. W. J. 
RoLFE, D.Litt., in 40 volumes. 2s. each. 


A descriptive catalogue, containing Prof. Rolfe’s Hints to Teachers 
and Students of Shakespeare, can be obtained on application. 





Merchant of Venice Winter’s Tale Hamlet 
Tempest King John King Lear 
Midsummer WNight’s Richard IT, Cymbeline 

Dream Henry [V, Part I. dulius Caesar 
As You Like It Benry TV. Part 5, Coriolanus 
Much Ado About Nothing Henry V. Antony and Cleopatra 
Twelfth Night Henry VI. Part I. Timon of Athens 
Comedy of Errors Henry VI. Fart II. Troilus and Cressida 
Merry Wives of Windsor Henry VI. Part III. Pericles 
Love’s Labour’s Lost Richard ITI, The Two Noble Kinsmen 
Two Gentlemen of Verona Henry VIII. Titus Andronicus 
The Taming cf the Shrew Romeo and Juliet Venus and Adonis 
All’s Well that Ends Well Tlacbeth Sonnets 
Measure for Measure | Othello 


This edition 1s recommended by Professor Dowden, Dr. Abbott, and Dr. Furnivall. 
Shakespeare.—Henry VIII. Iidited by W. H. Low, M.A. Lond. 2s. 


Shelley. Prometheus Unbound. [Edited by V. D. ScupprER, M.A. 
With Test Questions, by J. W. H. Arkins, B.A. Lond. 3s. 6d. 


Spenser.—Faerie Queene, EBook I. I[idited with INTRODUCTION. 
_ NoTEs, and GLossaRy, by W. H. Witt, M.A. Lond. 2s. 6d. 
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ental ano Boral Science. 


Ethics, Manual of. By J.S. MackEnziIz, M.A., Professor of Logic 
and Philosophy in the University College of South Wales and 
Monmouthshire, formerly Fellow of Trinity College, Cambridge, 
Examiner in the Universities of Cambridge and Aberdeen. 
Fourth Edition, enlarged. 6s. 6d. ° 


‘‘In writing this book Mr. Mackenzie has produced an earnest and striking con- 
tribution to the ethical literature of the time.’’—J7ind. 

‘This excellent manual.’’—ZJnternational Journal of Ethics. 

“Mr. Mackenzie may be congratulated on having presented a thoroughly good 
and helpful guide to this attractive, yet elusive and ditieult, subject.’’—Schoolmaster. 

‘*Mr. Mackenzie’s book is as nearly perfect as it could be. The pupil who 
masters it will find himself equipped with a sound grasp of the subject such as 
no one boox with which we are acquainted has hitherto been equal to supplying.” — 
Literary World, 

eee with lucidity and an obvious mastery of the whole bearing of the subject.” 
-—Stanadarad. x 


Logic, A Manual of. By J. WELTON, M.A. Lond. and Camb. 2 vols. 
Vol. I., Second Edition, 8s. 6d.; Vol. IJ., 6s. 6d. 


This book embraces all those portions of the subject which are 
usually read, and renders unnecessary the purchase of the numerous 
books hitherto used. The relative importance of the sections is 
denoted by variety of type, and a minimum course of reading is thus 


indicated. 
Vol. J. contains the whole of Deductive Logic, except Fallacies, 
which are treated, with Inductive Fallacies, in Vol. II. 


‘‘A clear and compendious summary of the views of various thinkers on important 
and doubtful points.’—Journal of Education. 

‘A very good book... notiikely to be superseded for a long time to comc.’’— 
Educational Review. 

‘Unusually complete and reliable. The arrangement of divisions and subdivisions 
is excellent.”’—Schoolmaster. 

‘“The manual may be safely recommended,’’—Zducational Times. 


Psychology, A Manualof. By G. F. Stout, M.A., LL.D., Fellow of St. 
John’s College, Cambridge, Wilde Reader in Mental Philosophy 
in the University of Oxford, Examiner in Mental and Moral 
secrence in the University of London. Second Edition, Revised and 
dinlarged, 8s. Gd. 


‘‘Itis unnecessary to speak of this work except in terms of praise. There isa 
refreshing absence of sketchiness about the book, and a clear desire manifes ed to 
help the student in the subject.”,—Saturday Review. 

‘*The book is a model of lucid argument, copious In its facts, and will be invaluable 
to students of what is, although one of the youngest, perhaps the most interesting 
of the sciences.’’— Critic. 

‘The student’s task will be much lightened by the lucidity of the style and the 
numerous illustrative facts, which together make the book highly interesting.” — 
Literary World. 


THE UNIVERSITY TUTORIAL SERIES. LI 


— a rr ee ee ee, 6 ee re ee ee SE ~~ 


Watbematics ano Mechanics. 


Algebra, A Middle. By Wm. Brieaes, LL.D., M.A., F.R.A.S., 
and G. H. BRYAN, Sc.D., M.A., F.R.S. 3s. 6d. 


Algebra, TheTutorial. Part I. ELEMENTARY CoursE. By Rurerr 
DEAKIN, M.A., Headmaster of Stourbridge Grammar Sch. 3s. 6d. 


Algebra, The Tutorial. Part II. ADVANCED Cuurse. By Wo. 
BRIGGS, Jol.) Beas, IRJA.s., ‘and G.. EL BRYAN, S¢.)., 
iRise. os-6d:. 


‘* All the theorems usually associated with advanced algebra are here given, with 
proofs of remarkable force and clearness.’’—Schoolmaster. 


Arithmetic, The Tutorial. By W. P. WorkMANn, M.A., Headmaster 
of Kingswood School, Bath. [2m the press. 


Astronomy, Elementary Mathematical. By C. W. C. BARLow, M.A., 
Lond. and Camb., B.Sc. Lond., and G. H. BRYAN, Sc.D., M.A., 
F.R.S. Second Edition, with Answers. 6s. 6d. 

‘* Probably within the limits of the volume no better description of the methods by 
which the marvellous structure of seientific astronomy has been built up could have 
been given.” —Atheneum., 

Book-keeping, Practical Lessons in. Adapted to the requirements of 
the Society of Arts, London Chamber of Commerce, Oxford and 
Cambridge Locals, etc. By T.C. JAckson, B.A., LL.B. 3s. 6d. 

‘This work is one which is well-adapted for teaching purposes, containing as it 
does a considerable number of useful examples and decidedly lucid deseriptions.’’— 
The Accountant. 


Coordinate Geometry: Part I. The hight Line and Circle. By 
Wat. Briggs, LLD., M.A., WOR.A.S., and G: H. BRYAN, 
pe Wee M A.) HRS. ard. haiiion. se 6d. 

‘‘Ttis thoroughly sound throughout, and indeed deals with some difficult points 
with a clearness and aceuracy that has not, we believe, been surpassed.” —#ducation, 
Coordinate Geometry: PartII. The Conic. By J. H. Grace, M.A., 

Fellow of St. Peter’s College, Cambridge, and F. ROSENBERG, 
M.A. Camb., B.Sc. Lond. 4s. 6d. 
‘‘The chapters on systems of eonies, envelopes, and harmonic section are a 


valuable addition to scholarship students. The book fully maintains the reputa- 
tion of the series.””—Guardian. 


Dynamics, The Tutorial. By Wm. Brices, LL.D., M.A., F.CS., 
eR Aso and: G. de BRYAN,.be: Dee McA. TOS: “ss6d: 


‘‘This volume seems in every way most suitable for the use of beginners, the 
initial difficulties being fully explained and abundantly illustrated.’’—Journal of 
Education. 

Euclid.—Books I.-IV. By Rupert DEAKIN, M.A. Lond. and Oxon., 
Headmaster of Stourbridge Grammar School. 2s. 6d. Also 
separately: Books I., II., ls. 

‘““The propositions are well set out, and useful notes are added. The figures and 
letterpress are both well printed.”’,—Cambridye Review, 

‘‘The teacher of Euclid who may found his teaehing on the model here provided 
can hardly fail of success.”,—Schoolmaster, 


Euclid, Deductions in. By T. W. EpMonpson, M.A. 2s. 6d. 
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Mathematics and Mechanics—continued. 


Geometry of Similar Figures and the Plane, (Euclid VI. and XI.) 
With numerous Deductions worked and unworked. By C.W.C. 
BARLOW, M.A., B.Se., and G. H. BRYAN) Se.D., Fats 2s. 6d, 


Hydrostatics, An Elementary Text-Book of. By Wy. Brieas, 
IDs, MEA. A C.8s HRA. S:, cand, Gs Tl, [peice D.. 
FR. Second Edition. 2s. 


“The work is thoroughly sound. The earlicr chaptcrs are models of lucidity. 
The hand of the practical teacher is manifest throughout.”—Hdueational Review. 
‘An excellent text-book.’’—Journal of Aducation, 





Mechanics, An Elementary Text-Book of. By the same authors. 
Second Ldition. 38. 6d. 


“Ttis a good book—clear, concise, and accurate.”’— Journal of Education. 
‘¢ A ffords begiuners a thorough grounding mn dynamics and statics.”—Anowledge. 
‘A most useful and helpful manual.’—Aducational Ierreww. 


Mechanics, The Preceptors’. By F. Rosrenpere, M.A., B.Sc. 2s. 6d. 


‘The book possesses all the usual charactcristics and good qualities of its 
fcllows.”’’—Schoolnaster. 


Mensuration ef the Simpler Figures. By Wm. Brieas, LL.D., 
MuAc, 20.5. 2 8.A:S.; and DL. WW: JcpMONDSON <NibaA Camb:, 
B.A. Lond. Zhird KNdition. 2s. 6d. 


Menusuration and Spherical Geometry: Being Mensuration of the 
Simpler Figures and the Geometrical Properties of the Sphere. 
Specially intended for London Inter. Arts and Science. By 
the same authors. Zhird Edition. 3s. 6d. 


‘‘The book comes from the hands of expcrts; we can think of nothing better 
qualificd to enable the studcnt to master this branch of the syllabus, and to 
promote a correct style in his mathematical manipulations.’”’—Sehoolmaster. 


Statics, The Tutorial. By Wm. Briees, LL.D., M.A., F.R.A.S., 
and G. H. BRYAN, 8c.D., F.R.S. Second Edition. 38. 6d. 


‘‘This is a welcome addition to our text-books on Statics. The treatment is 
sound, clear, and interesting, and in several cases the familiar old proofs are simpli- 
fied and improved.” —JournGt of Education. 


Trigonometry, The Preceptors’. By Wm. Briaes, LL.D., M.A., 
PC. and-G, H BRYAN, Se... MLA. ce Ree -2eso eee 


‘The book mects excellently the wants of the student rcading for the College of 
Preceptors’ examination. ‘The explanations are clear, and the illustrative 
examples well sclected.”—Guardian. 


Trigonometry, The Tutorial, By Ww. Brices, LLD., M.A., 
HR.A.S., and: G. H. BRYAN, Sc.D., M.A. FR ocean. 
‘An excellent text-book.’’— School Guardian. 
‘The book is very thorough.’’—Schoolmaster. 


Trigonometry, Synopsis of Elementary. By Wm. Briees, LL.D., 
M.A., F.R.A.S. TZhird Edition. Interleaved. 1s. 6d. 
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DHVSics. 


THE TUTORIAL PHYSICS. By R. WALLACE STEWART, D.Sc. Lond., 
First in First Class Honours in Physics at B.Sc., and E, Carcr- 
POOL, B.Sc. Lond., qualified for the University Scholarship in 
Physics. In Four Volumes. 


I. Sound, Text-Book of. By ii. CATCHPOOL, B.Sc. Srd Edition. 33.6d. 
CONTENTS :—Vibratory Motion—Progressive Undulation— Velocity 
of Sound—Interference—Ilorced Vibration—Il*ourier’s Theorem—The 
Ear and Hearing—Reflection of Sound—Stationary Undulation— 
Vibration in Pipes—Transverse Undulation—Acoustic Measurements. 


II, Heat, Text-Book of. By R. W. Srewart, D.Sc. Third 
Edition. 3s. 6d. 

CONTENTS :—Thermometry—Hxpansion of Solids—of Liquids—- 
of Gases—Calorimetry—Liquefaction and Solidification— Vaporisation 
and Condensation—Hygrometry—Conduetion, Convection, - Radiation 
—The First Law of Thermo-Dynamics—Graphic Methods. 


III. Light, Text-Book of. By R. W. Srewartr, D.Sc. Third 
Edition. 3s. 6d. 

CONTENTS :—Rectilinear Propagation of Light—Shadows—Photo- 
metry—Reflexionat Plane Surfaces—at Spherical Surfaces—Nefraction 
at Plane and Spherical Surfaces—Refraction through Prisms and 
Lenses—Dispersion—Velocity of Light—Optical Instruments. 


IV. Magnetism and Electricity, Text-Book of. By R. W. STEWART, 
D.Sc. Fourth Edition. 3s. 6d. 

ConTENTS :—FElectrification— Electrostatic Induction—Distribution 
of Electricity—Frictional Electrical Machines—Potential and Capacity 
—Induction Electrical Machines. Fundamental Magnetic Phenomena 
—Terrestrial Magnetism—Maenetic Measurements. General Effetcs 
of Currents—Magnetic Effects—Ohm’s Law—Chemical Effects— 
Heating Effects—Magneto- Electric Induction—Thermo-Electricity. 

‘There are numerous books on acoustics, but few cover exactly the same ground 
as this (Sound), or are more suitable introductions to a study of the subject.’’— 
Nature. 

‘‘Clear, concise, well arranged, and well illustrated, and, as far as we have tested, 
accurate.’—Journal of Education (on Heat). 

‘The style of the book (Light) is simple, the matter well arranged, and the 
underlying principles of the subjects treated of accurately and concisely set 
forth.’—Hducational Review. 

‘Mr, Wallace Stewart, in his Text-Book of Magnetism and Electricity, main- 
tains the high level of excellency which his already published science text-books 
possess.’—Literary Opinion. 


HEAT AND LIGHT, ELEMENTARY TEXT-BOOK OF. By Rh. W. 
SrmwaRt, D.Sc. Lond. Third Edition. 8s. 6d. 


‘¢ A welcome addition to a useful series.’’—School Guardian. 
Heat, Elementary Text-Book of By R. W.Srewart, D.Sc. Lond. 2s. 
Light, Elementary Text-Book of. By R. W. SrEwart, D.Sc. 2s. 
Sound, Elementary Text-Bookof. By JoHn Don, M.A., B.Sc. Is, 6d. 
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CHeiistry, 


Analysis of a Simple Salt. With a Selection of Model Analyses, 
and TABLES OF ANALYSIS (on linen). By WM. Briaos, 
Gi.Ds jee. FCS. anc ie WV (STEWART: 2 oc. ond. 
fourth Edition. 1s. 6d. TABLES OF ANALYSIS (separately). 64d, 


‘The selection of model analyses is an excellent feature.’—Hducational Times. 


Chemistry, The Tutorial. By G. H. Bartry, D.Sc. Lond., Ph.D 
Heidelberg, Lecturer in Chemistry in the Victoria University. 
Edited by WM. Brices, LL.D., M.A., F.C.S. 

Part J. Non-Metals. 3s. Gd. 
Part II. Metals. 3s. 6d. 


‘‘The descriptions of expcrimcnts and diagrams of apparatus are very good, and 
with their help a beginner ought to be able to do the experimental work quite 
satisfactorily.’—Cambridge Review. 

“We cannot speak too hi¢hly of its lucid and concise explanations, its 
thoroughly scientific treatment, and its eminently practical arrangement and 
execution.’—Lducational News. 

‘The leading truths and laws of chemistry are here expounded in a most masterly 
manner; made, in fact, accessible to very moderate capacities.’’—Chemical News. 

‘“'The merits of the plan on which the book is arranged are undoubted, and the 
work should commend itself to all students of chemistry.’”—Pharmaceutical 
Journal, 


Chemistry, The Matriculation, being the Matriculation edition of 
The Tutorial Cheinistry. 48. 


Carbon Compounds, An Introduction to. By R. H. Apr, M.A., 
Babe... se od: 


‘The subject-matter of elementary organic chemistry is sketched in both an 
interesting and profitable manner.’’—Guardian. 

‘To students who have already a slight clementary acquaintance with the 
subject this work cannot fail to afford valuable assistance. ‘fhe expcriments are 
well sclected’’—Nature. 


Chemistry, Synopsis of Non-Metallic. With an Appendix on Calcu- 
lations. By Wm. Briees, LL.D., M.A., F.C.S. New and 
Revised dition, Interleaved. 1s. 6d. 

“ Arranged in a very clear and handy form.’—Journal of Education, 


Chemical Analysis, Qualitative and Quantitative. By Wn. 
ee Fi. MA. FCS. and Re Ws. Stewart. Se: Lond. 
os. Od. 


‘The instructions are clear and concise. The pupil who uses this book ought to 
oLtain an intelligible grasp of the principles of analysis.’—WNature. 

‘The matter 1s well and clearly arranged.”’’—School-Guardian. 

‘A most careful and reliable compendium of inorganic analysis. The book has 
our conmendation.”’—Practical Teacher. 
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General Blementarp Scieiice. 


General Elementary Science. Edited by Wm. Bricas, LL.D., 
M.A., F.C.S.  Yhird Edition. 3s. 6d. 

‘¢ Just the book for the London Matriculation. Willi be welcomed by thousands.” 
—Board Teacher. 

‘‘ Students entcring for the Matriculation Examination of the Londoi University 
will certainly do well to possess themsclves of a copy of this work, which they will 
find an excellent guide.”—School Guardian. 

‘¢The fact that the first edition of six thousand copies is disposed of affords proof 
of its popularity and its adaptation to the needs of matriculeting students.’’— 
Teachers’ Aid. 

‘‘Decidedly above the average of this class of work. The experimental part of 
the Chemistry is decidedly good.’’— Guardian. 

‘‘We ean confidently reeoommend this book as being admirably adapted for its 
purpose.’”’—Journal of ducation. 

‘“A book so clear and thorough as the one before us will be very welcome.’’— 


Schoolmaster. 
SiLOLOGYP. 


Botany, Text-Book of. By J. M. Lowson, M.A., B.Sc., F.L.S. 
Second Edition. 68. 6d. 


‘It represcuts the nearest approach to the ideal botaiical text-book that has yet 
been produced.’—Pharmaceutical Journal. 

An excellent book.”—Geardian. 

‘¢A workmanlike and well graded introduction to the subject.’’—Scotsman. 


Zoology, Text-Book of. By H. G. WELLS, B.Sc. Lond., F.Z.S., 
F.C.P. Enlarged and Revised by A. M. Davies, B.Se. Lond. 6s.6d. 


‘¢The information appears to be well upto date. Students will find this work 
of the greatest service to them.”— Westminster Leriew. 

‘This book is a distinct success, and should become the standard work for the 
London Intermediate Examinations. itis carcfully written throughout, clear and 
concise, and yet is extremely interesting reading.” —Glasgow Herald. 

Biology, Text-Book of. With Plates and numerous Questions. By 
Ge SVEULS,. -Beoc: Mond. Zo. Clb o with-an, Intro: 
duction by G. B. Howks, F.L.8., F.Z.5. In Two Parts. 
Part I., Vertebrates, Zhird dition. 2s. 6d. Part IT., 
Invertebrates and Plants. 2s. 6d. 


Che University Correspondent 


AND 


UNIVERSITY CORRESPONDENCE COLLEGE MAGAZINE, 


Issued on the Ist and 15th of each month. Price Id., by Postl$d.; 
Half-yearly Subscription, 1s. 6d.; Yearly Subscription, 2s. 6d. 


wramination Mirectories, 
Matriculation Directory, with Full Answers to the Examination 
Papers. Published during the fortuight following each Examination. 
Nos: Vi, Vil, Tx x1 el ANE, AV eT 
Is. each, met. No. XXIX. (Jan. 1901), 1s. med. 


SOUTH KENSINGT@GN EXAMINATIONS 


(Board of Education). 


Suitable Books in the Organized Sctence Series. 


FOR THE ELEMENTARY STAGE. 2s. each Vol. 


First Stage Mechanics (Solids) By F. Rosrnnpenc, M.A., B.Sc. 


‘Mr. Rosenberg has catered to the wants of South Kensington students with 
great skill and clearness.’’—H#ducational News. 


First Stage Mechanies of Fluids. By G. H. Bryan, Sc.D., F.R.S., 
and I’. ROSENBERG, M.A., B.Sc. Second Edition. 
‘‘ An excellent elementary treatise.’—Nature. 
First Stage Sound, Heat, and Light. By JouNn Don, M.A., B.Sc. 
“This volume leaves nothing to be suggested.”’—School Board Chreontele. 
First Stage Magnetism and Electricity. By R. H. JuDE, M.A. 
Cantab., D.Sc. Lond. Second Edition. 
‘We heartily welcome this book.’’—School Guardian, 
First Stage Inorganic Chemistry (Theoretical). By G. H. BAILEY, 
D.Sc. Lond., Ph.D. Heidelberg. HKdited by Wu. BRiees, LL.D. 
‘* A good, straightforward, and accurate manual.’’—Schoolmaster. 
First Stage Botany. By A. J. EWART, D.Sc. 


“The arrangement and treatment of the subject are excellent.’’—Secondary 
Education. 


First Stage Physiography. By A. M. DaAvizs, B.Sc., F.G.S. 
‘One of the best text-books for the May examination.”—Teachers’ Monthly. 
First Stage Hygiene. By R. A. Lysrer, B.Sc. 


‘©A thoroughly practical manual.’’—JAlanchester Courter. 


First Stage Inorganic Chemistry (Practical), By F. BEDDOW, 
Ph.D., D.Sc. Second Hdition. 1s. 


‘An excellent manual.’’--Board Teacher. 


Practical Organic Chemistry. By GEORGE GEORGE, F.C.S. 1s. 6d. 


FOR THE ADVANCED STAGI. 38. 6d. each Vol. 


Second Stage Mathematics. Being the Additional Algebra and 
Huclid with the Trigonometry required for Second Stage. idited 
by WM. Briaes, LL.D., M.A., F.C.8., F.R.A.S. Second Edition. 

“‘Thoroughly suited to the requirements of the syllabus.”—Guardian. 

Advanced Mechanics. By Wm. Bricas, LL.D., M.A., F.CS., 
F.R.A.S., and G. H. BRYAN, Sc.D., M.A., PRS 
DYNAMIcs. Vol. II., Srarics. Second Edition. 

‘This volume is clear and straightfoi ward.’— Educational Review. 

Advanced Heat. By R. WALLACE Stewart, D.Sc. Lond. 2nd Ed. 

“The principles of the subject are clearly set forth.’’—Oxford Mayazine. 
Advanced Magnetismand Electricity. By R.W.SrEWART, D.Sc. Lond. 
‘*'This volume covers completely the requirements of the syllabus.’’— Outlook. 

Advanced Inorganic Chemistry. By G. H. BAtnry, D.Sc, Lond., 

Ph.D. Heidelberg. Edited by WM. Briggs, LL.D., M.A., F.C.S. 


‘The book is clear, concise, and well arranged.’’—Journal of Education. 


Advanced Inorganic Chemistry (Practical). By WM. Briaas, LL.D., 
DMeA.,“F.C.5., and R. W. SrewaAnt Soa 


Practical Organic Chemistry. By GEORGE GEORGE, F.C.S. Is. 6d. 
“We strongly recommend the book.’’—Aducational News, ° 





pw ae s i ee. . 't i SES. 
Cee aan ay ee ade see Br aes 
Sian he Tee eat tet See N rae ewes eA en SH ae 
meee sented Wake PK os “oA, oa oe TeeeySoee! 
? mf > | negates Sate ee 2 * bgt aR te ota 
ea? WY aap tena ate ‘ dev eas 
SORE Se We cee : 
n 2 ie 


a 


¥ 


Deed 


mes 


ann 
iw 
is 





a Xe 


+ 
ey 
* 
me 


be 


Ab TROL 








a le eo. 
fom 


: os 
ae AR dade Rt Ot ao 
/ (7 ce : 
hay Lp py f P Si, ‘ 
Ce ols SP 
Fi # J 44 or i a? 
a er an Of fa 
ES Pad all foe ig? 
se # rf AF; 
Ll LA 
a < ad 
ms 
‘ * F ,, 
oes e ¥ 
“4 


‘eA Ef 
a s 


‘a’ 


ag t it FFF APA EL OF 
ee é 
Cy OS a ee 


og OF IS PAL eee 
s 
A: 


fot a VORA 4A Le 


Chie 


el ee a 
Ta 


a 
is 5 


A A . " 
’ . wr wh : 
x y N * 8 mh a hh Sy who 
a a SAAS * wy ay AN 
WA AA Ay a at AY a 
ke RK SN RAE AE OY 
hy eA WAN) AAA oe AY Wa 
AOA “ie ‘ ete te A Ae ASA 
3 aS “n ‘sy bh ~ " AS 
OX . SOAS oN 
LO te AS \ SA 
ANY ‘ Seach, 
it oh 3 AN 
Y ty 


y 1 by 7 
SRO ky 
AN \ hs wr! AS Wi 
SAH MAA 
‘ SS 


RAO RN 
Ne NX \ \ S WY \S 








i oe 
ee one PF. 
7 CP 2 

i F 4 
s Oi ve 
Qj 


al 
Af. 
BEA OD! 











‘. 4 
A ek 


ra! Sa 
ie 

















op r 





YS 











RWW 











i 


Ss 






As wR ~ . N WENA ss ; 


SN 


tL 


A 









AN RA 
REAR AAS WA WX 


ae 





fe 


ee EOE LLL 
Lill 
ty 


RAY 


\S 


eas 


SS RAS 
. : SOS AN S NAS \) 


we Ley 
iy 
va 
ri 
\ if A 
tee: 
ie 


ve 
tye 
Let, 


is a 
ti 


Y. 
ee 


pad 
eZ 
ee 
ty 


a 


Bas et 
OPEL LES 
ee ee a 
gee 
oJ 


£ 


- Poi 
CAA ff 
So Py 


AM A ee a 


N SS 


NS 





NS 
SS WN 
NS 


aly 


ye RP 
YY 


oa 


oy FA BAS # a 
LYE 


tye 


bil latte lat ale Mel had 


yy 


J 
] 
“A 
. 


- 

‘§ 
i 

"ig 


SOS 


A’ 

‘ Ws AK 

\ “ \ 
WS AMAA 
SAN 











‘ AAAS SOO Re . NS . 
. . SS SS a RN RRA SAN WN NSS) SAN AG 
\ Wn RSS RN \ WN a AN S\ ys 





AO RAN TRAN 3 
AQAA aaa 
RSW 

AAS WN NA AN 
RAY AN 











RS AWN a RAIA \ \ 
: SS AY \\\ SAN \\ A 
~ AIAN \\\ \ 


RRA SSRN ; SAY 

\ WSs : WS WRANS 
AN S ‘ WARAAVS . . 
WS SS N 

i 


















































































































































































me a . : 5 ay a \ Ss 
; RS RRR RRR RRR AS oes 
- E a Tate at ‘. a % a beat Y A tet ‘ 
VER QV VN ow ANS RIM RRAay WS WRN 
WS NON . SS SS S ~ ANS SY \ , AN 











~ SN AA 








A h 









bh 










a 








“ 




















SS 









% 



































SARS a ANS 
SE SS SS WX SS Sa WS “i : 
SS WN SS S SON SEN ANS Ws NYS : 
Se 
AS 


























ae ae sa" 8 YS yan ae i ' X “ , Pat a . ot F a = = % - 
24 atan + im 9 7 Bs aN uA ») 2 A Car % *,° = a ae : " a ¥ eek m " 3 atest , ot Oe ies eri, << 7 Ff 9 rt i) a 
ROE EE REC RRA RNR SSRN Se oRNE a a A IRS CE NOS ONT ROSIE ENON SK ND BS 
. SSE Se TER EON ES SER ee RAN Sees RRS PSR WC ros ae Rt ork Po ec ae nei SAAR SNS SARE OMEN 
‘ i SSR TORS SRS RN UN REECE RRC RECS COTE FRSQSTA 
oe | 4 em F “4 , a ; = 
x ee Naka we Sate sy ea SN RONSON KG uN \ \ : . , A Poe ese S at \ wi OST LS RO 
: Sh ER ee a AES ee LN RON RA rie BEVAARU AR CON ENaISi ah hoe bse Os ERO P ae a hia | 
= . : SAO SE SSCS CONTENT L NST SENT ERAT DTS RO eT OT ET TN Se SSS 
y es ee! ‘ : : sa ol 
AA Wee i ate, NRL ahah AN RA DR AK oN \ . ae 4 art a Oe et a ain : Ah ais xe a ro Ohl ei 
ms) . . Ah stats tate SS ‘as 7h . ner a * . ars \, 5 Oe yea te 
™ a) ‘ \ ae we WA \ At WY aN a, tn i 4 ON ‘ a! ee Bs Da, \' Oo 2S Nea, Sr ~y Le ‘ x ar CN ro 
‘ee bo Ao ee a mA RAS A AN Sak ) \e 3 As a! aS ANN ‘ . Sat : cs ~ ‘ Y ath x HES re ASN cy 
ees M A aS, ners bs ARNE eS A ey te” SA a Ares eR a ie AEG ee A * 
y Shae yo \ aS SS < AA AER RA. ea Nt FAN, Ts Ne “ys et si NESS 
me) ea La a LS r me | a ry * A ON, cart ae SSCA, wh Sa a bt we = bas" aN * merit 4% 
‘s ‘ ty . WN iY i RA , sf : . A , 
M WAS ; ha ASASAN wen 1 ta te eA CEN A . 2 Ae ws ak YS we *" NE ra teri =, 4 : 5 — 
ANE RC RR RRNA RE RNS Se 
wy t PY \ a Ai 2 = \ . AUR hes F Fe . aS ees ot , : 
. SORA ARERR) \ WOR IER BRERA LES Oa AN = oN eS 
SCONES AS ;: Sas. ak N \ ie PrN Nae Ni) ON SOR A Seah oat Ss NY 
% Poh he Sona, Ns We a a ‘. . A NS ty . ees wh Se DASE nS ee ey ae o& Ms) ae 
‘ Ma AC ‘ * iN aN ’ % ‘ a ete Sante CO BOR NCAT ~ eer 
) 7 hy WANS AN Da A Si taaha SA .s ah | AB * ars OS, ee mh AS Ws ahh wet a | 5 rn ’ Sy * 
% a = . SOS ree 8, “oh Sh, . aoe ; ay A amen se TS wee Lag . Bt ‘ * t 
‘ NN Ree Yoon SO Noh an ASA Y Soh, . as AS WS _: ws CRT OON. a Ae a pA fe NS a 
8, res WA . mn Ae bens tho Oa Ot x oe ‘ Saha \ ea a’ . ae, ea ts a AS ee ake ASAMor Ny ihe AUT NS: ae : 
COS x SRS ss by Aa Siohe SS a) NN Se Se NS ) Se AY Ny ni s N BN le SS w OME re en th Cee 7 4 aed) eh IY * 
ma) Pte) Na te Sh y*% ot as Sy wry RAL , >. ah ~ a aC bs % WNP , , " ae i fat bo on 1 " we hadi wasn rm) ‘ 
eS ae ih th NO a LA tata hath ea | SN An . Ae bt ny oe Neg k Mal SATIN DANY i a - Sgt, Ne 
A BS * Sh cata’ \ iN as y, 1 atts +s SAAN Sh a cs wu Oh AS hn A A * K i San Ys ah he rc Se xs x 5 A ss 
Th be A Ma NSN . ye SEN a NC ROS Ny a ra eat fs is SS As bs ich, IS Kh ie Mees wee A NY A any he ss. » La! 
vores ‘ AOA ia eh AEN SET ON SRE EOE NCAA NS ESN AP ehdep tans SERRA A LEANN | Me Na NOE VEY in Nee he 
RAs aN ARR SSS SARIN » DANS eh ee aN. RS OCT MAROC Aas RENN a Sse ‘, “4 NS ‘ 
4 Ach % ‘ , . tk RUS CR, MR ort + Oh Va Vt ane t a eK te ah NS AS . ~ ae: AS Sees, ae ay i a} ims 
RAR ERR RRR RES ARS SER 
. SAL CRT A’ Gh AAA ds AN ee SAREE ES AANA an eR CALS Sah hc ARSC CREA AG . Sh A eS 
WAR RERUN RE RRR CRS aE WENN Say 
es aT ie . . mA . Ch % \ 1% aA th th A ty A. ‘. ‘ .%! . , 4 i) + r 7h Cth dae * a ony . s a WA 
ASSO WARN SOA . NN StU NN RON: ‘ NN os SN SNe SANS WN wt SEN RAN AN St NN aS A SS i \ ES x ; . oH ws. 5 SSA . 3 Pe hs S AN 
a Z \ ‘ aS WAN : YS tS as SaaS he ARES TK Oo Wat A a be SD A wt we RE Ake EASA De NT a SSS * ». NS : ae 
‘ SN bo SCE hk! A NaN ~ Wa eR Wak atk SN AAS LS AY EASA Wn hs _ ad n . VA SAN , 2A Van eh AY Aas , Was Sa ah ‘ uy S 
ie e" Sh A a Lh A iD ~ ~S\ rh Ae ay Wt *,, Le bk “ Aw: %, AS ot a hac \ AN 4, AY we aN . + WE bel ack | As a tha en , rs a we: .' a AN ah 
ARIA NA AA . ‘ N a, AS SA eS ; AAS ye a SC SAS uN A AAA OANA SD, RR ee OC Sa 
ae \" % AST SASS ANN te %, . ‘ . ‘, . rhs hoe. tak ek A tats A, a ‘* ba Nhs ." . se : , AAAS SS . ‘ a | + 
WAR RRRW WAAR ASE EE SE RR RR ERASE. GSE 
Aon hh A th ws \ a \ ‘ . SAN E q eS On A a .\ a ha ee s, *” i * WAP bine ts a . a aS AN Le Wy arc 
ARS Ae ae A aS py US AN nn) a ‘ bt, bate, th tae et SEAN Ay i . aA a ‘ A, aa AS SY ‘ AS ths ‘, ate ath) se . ve *, ad 
RASA SS ey Wa ‘hk ¥ AWN ht te YAS Wy aN * CY . AAS 3 TS TAA hea ha ae hb Bee « Aaa RR arte tS ’ * bats a ate ~~. Ah bias, tek e\ : a ath A 
AAA SN ASO A \ SS ates RNR URS CR WEAN RO AN sto Sa NS Na a SAA RR EEA ae 
ACLS Sy ~ N ne SNS . ett at bk ASSO AAAS A, SS ON Cae ‘ Waka ss SAAN *) \ wat haa he ‘ ‘ SORA AA ea I mR at tet SSAA WN A 
AN SRR SAY Rn GOD 4 \ + SA eae SAS DA RAS CARS AGA RS SOA aS OHS Se WSR a AE CR Ahn BEER m 
\ SEA Sh . AN » SN nN SOS SRN Sy BATRA GR RRR SRR RR RA Se RNA NR AN RR SAN RS aN ON SSSR A RS 
Ms Ae . . PAA SS SEAS wi et s 2% C ~ By SALE AO inks . ae . . Nak vi wo A by SAN as . ‘ SAN AN iN a ae ake Ws, AY eth “" 
SS .% at RAS Dy ANIL ROR ~ : .* a X sy a a SA iN Ds ws RN Sh *, 1 NS a he Atha teeth a “ wah AS SON ‘ Vk \) ‘ AY a SY NN ua RA .t * + ws 
, SY ARN ANN SAAN S NORA ‘ : . SONS RRS SEES 
AANA NS WRN SAY RN ANN . , SS : ss 
SN SS NS SS ; SN 
#, 
' . WAS 


Ss 
AN Sh SOSA 
REAR AN\ RRA 
. X a" +e iS x 


RA QA 
SARA 
A A C \ SAS we SN 





as , . 
SNS WY 2 \ . 















‘Ac 
NS AN 
* 








\ 





























i) 
LI 






RAY 




























SAN 
Wh AN 


















aS No 3 % 


x 
\ 
A 














































A 
Ss \\ 
SQN 

YS RAY 


+) %. % 
RNAS 
SONY 















































EAN WS Si DS Ao NX RRS SRSA SS LRN 
Nk SY RS ass WERK RARWks AN LQ S aN SES iy SNS SS RRA . RRR ERS AS CN 
x : RN ONS WY a \ AS SS ESS WO AON wD aN ERA . Sk SANS N \\ DN 
RAV AO NN . \N AS S \\ AY WA \ AX US \ SN 
i C 4, * a 4. oy ‘a 
eh, AN WS ; th 


AR . a S NS 
‘ A AY dy , ‘ 





: k SN X ~~ 
AX A Sy wa SSN IN WN SS a AS AN \\ AX OS A hai) “ \ 
\ MESA A WA iQ WEAR 
\ \\ XS AY WAR ARRA UC 














tig 
oa 

EOE 

Lon 


Ch 
SP 





) 











) ~ A YY 
MAA AA | \\ 
WARAIA AN \ AN WAG 

NS \\ UX Ks WC VO A \ . 

| WS SS RR RAN 





\ 

; SRA 

b SN SS * SS RAS . ANN , SY SS \. 

AC A CY AX 
W . . SS \ . \ NS 


ep 
ee 
tee 
COLL 
i 


Ye 
yy 


SN SRR 
SN SRN \\ WAS SS 


NY a 
WOVE \ 


\ 


fa 
ss 


iy 


- 
Far 
i 
iy 





oe 
LIES 


r 

‘ (23 

4 
Cae, 


ee 
q 
jy 


1] 

te 
‘2 A 
\ A 


SS ‘ 
\ A 
Ni 


\ 


‘) 


QQ RAGA RRR EERE EEE eee eo 


